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(STABILIZED COLLOIDAL THORIUM DIOXIDE SOL.) 


ROENTGENOLOGICAL CONTRAST MEDIA 


A sterile, stabilized, highly dispersed solution of thorium dioxide. 
Thorotrast contains 24% to 26% thorium dioxide (by volume) 
suspended in 25% aqueous, repurified tapioca-dextrin 3219 
plus 0.15% methylparaben as a preservative. 


THOROTRAST IS HIGHLY RADIOPAQUE AND WILL PRODUCE 
SATISFACTORY OPACIFICATION OF THE CIRCULATORY VESSELS 


Superior Diagnostic Value In... 


THOROTRAST is relied upon in the performance of cerebral 


arteriography in patients who have arteriosclerosis or who are 
sensitive to iodine. 


THOROTRAST is useful in locating and outlining cerebral 
abscesses and tumors; for the determination of cerebral 
arteriosclerosis and other atheromatous processes of the 
encephalo-arteries. 


Arteriography with THOROTRAST discloses vascular abnor- 
malities in suspect cases. THOROTRAST will visualize the 
location of a thrombus or embolism, as well as the develop- 
ment of collateral circulation. Arteriovenous aneurysm is 
readily demonstrated. 


GREATER CONTRAST VALUE 
SUPPLIED: in Sterile Vials, 12 cc., 25 cc., 100 cc. 
Literature available upon request, 


& COMPANY, INC, 
DETROIT 26, MICH. 
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26 ANSWERS TO THE QUESTION: 


What do you have on Neurosurgery? 


Louis Bakay—THE BLOOD-BRAIN BAR- 
RIER: With Special Regard to the Use of 
Radio-active Isotopes (56). 168 pp., 75 il. 
Amer. Lec. Neurosurgery), Cloth, $5.50 


Henry M. Cuneo and Carl W. Rand—BRAIN 
TUMORS OF CHILDHOOD (752), 236 pp.. 
80 il. (Amer. Lec. Neurosurgery), Cloth, $5.75 


Joseph P. Evans—ACUTE HEAD INJURY 
(50). 124 pp., 37 il. (Amer. Lec. Neurosur- 
gery), Lexide, $2.50 


Walter Freeman and James W. Watts—-PSY- 
CHOSURGERY: In the Treatment of Mental 
Disorders and Intractable Pain (2nd Ed, 750). 
638 pp., 187 il., Cloth, $12.50 


John F. Fulton—HARVEY CUSHING: A Biog- 
raphy (2nd Ptg. °47). 770 pp., 150 il., Cloth, 
$6.50 


Henri Gastaut--THE EPILEPSIES: Electro- 
Clinical Correlations (54). 176 pp., 21 il. 
(Amer. Lec. Neurosurgery), Cloth, $4.75 


Wallace B. Hamby—INTRACRANIAL ANEU- 
RYSMS (752). 524 pp., 193 il., Cloth, $14.25 


Wallace B. Hamby—THE HOSPITAL CARE 
OF NEUROSURGICAL PATIENTS (2nd 
Ed. °48). 168 pp., 67 il., Cloth, $3.00 


Gilbert Horrax—NEUROSURGERY: An His- 
torial Sketch (752). 160 pp., 41 il. (Amer. Lec. 
Neurosurgery), Cloth, $3.75 


Franc D. Ingraham and Donald D. Matson— 
NEUROSURGERY OF INFANCY AND 
CHILDHOOD (754). 472 pp., 482 il. on 381 
figs., Cloth, $15.00 


E. A. Kahn, R. C. Bassett, R. C. Schneider and 
Crosby—C ‘ORRELATIVE NEURO- 
SURGERY (55). 416 pp., 355 il., Cloth, $19.50 


Roland M. Klemme—NURSING CARE OF 
NEUROSURGICAL PATIENTS (749). 134 
pp., 63 il., Cloth, $3.00 


Albert Kuntz-—-THE NEUROANATOMIC 
BASIS OF SURGERY OF THE AUTO- 
NOMIC NERVOUS SYSTEM (°49). 96 pp., 
9 il., (Amer. Lec. Anatomy), Paper, $1.75 


Donald D. Matson—THE TREATMENT OF 
ACUTE CRANIOCEREBRAL INJURIES 
DUE TO MISSILES (748). 100 pp., 54 il. 
(Amer. Lec. Neurosurgery), Lexide, $2.00 


Donald D. Matson—THE TREATMENT OF 
ACUTE COMPOUND INJURIES OF THE 
SPINAL CORD DUE TO MISSILES (748). 
76 pp., 21 il., (Amer. Lec. Neurosurgery), 
Lexide, $1.85 


Frank H. Mayfleld—CAUSALGIA (51). 68 pp.. 
33 il., (Amer. Lec. Neurosurgery), Lexide, $2.25 


Alfred Meyer and Elizabeth Beck -PREFRONT- 
AL LEUCOTOMY AND RELATED OP- 
ERATIONS: Anatomical Aspects of Success 
and Failure (°55). 64 pp., 31 il., Cloth, $2.25 


J. Lawrence Pool—THE NEUROSURGICAL 
TREATMENT OF TRAUMATIC PARA- 
PLEGIA (51). 115 pp., 28 il, (Amer. Lec. 
Neurosurgery), Lexide, $3.00 


George C. Prather—UROLOGICAL ASPECTS 
OF SPINAL CORD INJURIES (°49). 166 
BP 49 il., (Amer. Lec. Neurosurgery), Cloth, 


George C. Prather and Frank H. Mayfield—1N- 
JURIES OF THE SPINAL CORD (’53). 396 
pp., 125 il., Cloth, $8.75 


David L. Reeves—CRANIOPLASTY (750). 132 
pp., 7 il, (Amer. Lec. Neurosurgery), Cloth, 
$3.00 


Emil Seletz—-SURGERY OF PERIPHERAL 
NERVES: New Incisions, Surgical Anatomy, 
Surgery of the Extremities (751). 208 pp., 136 
il., Cloth, $11.50 


R. Glen Spurling—LESIONS OF THE LUM- 
BAR INTERVERTEBRAL DISC: With Spe- 
cial Reference to Rupture of the Annulus Fib- 
rosus with Herniation of the Nucleus Pulposus 
(53). 161 pp., 77 il., (Amer. Lec. Neurosurg- 
ery), Cloth, $4.75 


Adrien Ver Brugghen—NEUROSURGERY IN 
GENERAL PRACTICE (’52). 687 pp., 339 il., 
Cloth, $14.00 


A. Earl Walker—POSTTRAUMATIC  EPI- 
LEPSY (49). 96 pp., 28 il., (Amer. Lee. 
Neurosurgery), Cloth, $2.75 


James C. White and William H. Sweet—PAIN: 
Its Mechanisms and Neurosurgical Control 
(55). 776 pp., 203 il., Cloth, $17.50 
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“American NEUROSURGICAL HEADRESTS 
for the 1080 Operating Table 


Three basic attachments and six 
Neurosurgical Headrests provide: 


Complete latitude in posturing the patient 
=... in prone, supine unilateral, upright or 
2 chair positions. 


Optimum head stabilization with heretofore 
2 unknown freedom of action in operative 
technique. 


The complete adjustability provided by the Hydraulic 
Universal Ball Joint permits the neurosurgeon to 
position the head before the headrest is applied. The 
selected posture is maintained rigidly . . . without 
injury to the patient, yet with unobstructed surgical 
approach and with full access for the anesthetist. 


Adjustable in both width and length, 
the No. 1821 prone headrest supports 

weight on two forehead pads without 
pressure on the ocular area. Maxil- 
lary supports may be swung 180° to 
give anesthetist access to intratra- 
cheal or intranasal tubes. 


brochure illustrating 
American Headrests for all 
neurosurgical positions is 
available upon request for 
bulletin C-196, 


Headrest No. 1825 may be used in 
upright positions, with or without 


In supine or unilateral positions, lateral braces according to the re- 
patient’s head is cupped by the three quirements of the procedure. Patient 
self-positioning pads of headrest is positioned supine and headrest is 
No. 1824. applied after anesthesia. AMERICAN 


STERILIZER 


Erie+ Pennsylvania 
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A Laboratory and Clinical Report 


on Adrenosem® Salicylate 


(BRAND OF CARBAZOCHROME SALICYLATE) 


History 


The first investigation of a hemostat with an 
action comparable to Adrenosem Salicylate 
was made by Derouaux and Roskam! in 1937. 
They reported that an oxidation product of 
adrenalin, adrenochrome (which has no sym- 
pathomimetic properties), has prompt hemo- 
static activity. 

It was further found that various combina- 
tions of adrenochrome, notably the oxime and 
semicarbazone, produced stable solutions. But, 
these were so slightly soluble that sufficient 
concentration could not be obtained for prac- 
tical therapeutic use. By combining these 
adrenochrome compounds in a sodium salicy]- 
ate complex a stable, soluble form can be 
obtained. This complex has been given the 
generic name, carbazochrome salicylate, and 
is supplied under the trade name Adrenosem 
Salicylate. 

Roskam, in his study entitled ““The Arrest 
of Bleeding,’? enumerates “the drugs whose 
efficaciousness as hemostatics have been proved 
by accurate methods in experimental animals 
and in healthy men as well....One is the 
monosemicarbazone of adrenochrome 
[Adrenosem Salicylate].” 


Chemistry 


Adrenosem Salicylate is a synthetic chemical. 
The full chemical name is adrenochrome mon- 
osemicarbazone sodium salicylate complex. 


Pharmacology 


Although it is chemically related to epineph- 
rine, Adrenosem Salicylate has no sym- 
pathomimetic effects. It does not alter blood 
components, nor does it affect blood pressure 
or cardiac rate.2-7 


(* U.S. Patent 2,581,850) 


Sherber, in an early study,’ concludes that 
Adrenosem Salicylate * “is a potent antihemor- 
rhagic factor in those conditions in which the 
integrity of the smaller vessels is interrupted, 
and is superior to any similar material that is 
now available.” 

He continues, “From our experience it ap- 
pears that adrenochromazone complex is indi- 
cated in preventing vascular accidents incident 
to hypertension; in maintaining small vessel 
integrity; in the preoperative preparation 
where oozing from a vascular bed is antici- 
pated, as in tonsillectomies, adenoidectomies 
and prostatectomies; and as an adjunct in the 
treatment of bleeding from such surgical 
procedures.” 

Adrenosem Salicylate may be administered 
simultaneously (but separately) with any type 
of anesthetic, anticoagulant, or vitamin K 
and heparin. 


A Unique Systemic Hemostat 


Clinical investigators? are in agreement 
that Adrenosem Salicylate controls bleeding 
and oozing by decreasing capillary permeability 
and by promoting the retraction of severed 
capillary ends. It aids in maintaining normal 
capillary integrity by direct action on the 
intercellular “‘cement”’ in capillary walls. The 
interesting work of Fulton® confirms this. 
Adrenosem Salicylate, since it is not a vaso- 
constrictor, has no effect on large severed 
blood vessels and arterioles. 

Adrenosem Salicylate is being used both 
prophylactically and therapeutically in thou- 
sands of hospitals, and in virtually every type 
of surgical procedure. It has also proved most 
useful in dental surgery.” 

Owings reported on the use of Adrenosem 
Salicylate in controlling postoperative adenoid 
bleeding in 102 cases.4 “*We have used 244 mg. 
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(% ampule) intramuscularly, 15 minutes be- 
fore anesthesia for children and 5 mg. (1 
ampule) for adults.” In only one patient did 
bleeding occur. Three others showed red blood 
from the nose and mouth. These patients 
“were then given 5 mg. intramuscularly, with 
prompt and complete control. We have also 
noticed that bleeding stopped more promptly 
on the operating table.” 

This is a 1% incidence of postoperative 
bleeding using Adrenosem Salicylate preop- 
eratively, compared to an incidence of 10% 
postoperative bleeding in all cases taken from 
previous records, without Adrenosem Salicyl- 
ate medication. 

Peele reports on the use of Adrenosem Sali- 
cylate in treating 178 patients with 24 different 
conditions.® The drug was first used to control 
postoperative hemorrhage from the adenoid 
region. He adds: ““The results were so dramatic 
that since that date [1953] Adrenosem Salicyl- 
aie has been used postoperatively to reduce 
bleeding from all otolaryngologic and broncho- 
esophagolic procedures, to treat postoperative 
hemorrhage from the tonsil and adenoid re- 
gions, and to treat selected cases of epistaxis.” 

The effectiveness of Adrenosem Salicylate 
in controlling bleeding and oozing in 330 pa- 
tients is reviewed by Bacala.* experience 
of the effect of carbazochrome salicylate on 
317 surgical indications and 13 obstetrico- 
gynecological conditions, has been therapeuti- 
cally encouraging and successful for the control 
of capillary bleeding. Foremost among the 
cases studied were 223 tonsillectomies definitely 
benefited by this metabolic hemostat, making 
a diminution of the control incidence of post- 
tonsillectomy bleeding of 19.8% down to 7%. 
It has also been found useful in gastro-intestinal 
bleeding, cataract extraction, epistaxis, inci- 
sional seepage, trans-urethral prostatectomy, 
menometrorrhagias, cervical ooze, antepartum 
and postpartum bleeding, threatened abor- 
tion, and prevention of capillary hemorrhages 
during hedulin or dicumerol therapy.” 


Side Effects 


All investigators concur that, at recom- 
mended dosage levels, Adrenosem Salicylate is 
free from toxic effects. No cumulative effects 


attributable to the drug have been reported. 

The only side reaction noted has been a 
transient stinging sensation in the area of in- 
jection when Adrénosem Salicylate is used 
intramuscularly. As one investigator com- 
ments: “The brief discomfort which attends 
the injection of Adrenosem into the gluteal 
region has not been a significant problem in 
children or adults as originally anticipated.”’5 


Indications 


Idiopathic purpura, retinal hemorrhage, 
familial telangiectasia, epistaxis, hemoptysis, 
hematuria. 

Postoperative bleeding associated with: 
tonsillectomy, adenoidectomy and 
nasopharynx surgery; 
prostatic and bladder surgery; 
uterine bleeding; 
postpartum hemorrhage; 
dental surgery; 
chest surgery and chronic pulmonary bleeding. 


Dosage 

For recommended dosage schedules, please 
send for detailed literature. 
Supplied 


Ampuls: 5 mg., 1 cc. (package of 5). 
Tablets: 1 mg. S.C. Orange, bottles of 50. 
Tablets: 2.5 mg. S.C. Yellow, bottles of 50. 


Syrup: 2.5 mg. per 5 cc. (1 tsp.), 4 ounce 
bottles. 
References 


1. Roskam, J. and Derouaux, G.: Arch. of Intern. 
Pharmacodynamie 71:389 (1945). 

2. Roskam, J.: Arrest of Bleeding, Charles C. Thomas, 
Springfield, Ill. 1954. 

3. Sherber, Daniel A.: The Control of Bleeding, Am. 
J. Surg. 86:331 (1953). 

4. Owings, Capers B.: The Control of Postoperative 
Bleeding with Adrenosem, Laryngoscope, 55:21 
(Jan., 1955). 

5. Peele, J.C.: Adrenosem in the Control of Hemor- 
rhage from the Nose and Throat, A.M.A. Arch. of 
Otolaryng. 61:450 (April, 1955). 

6. Bacala, J.C.: The Use of the Metabolic Hemostat, 
Adrenosem Salicylate. To be published. 

7. Riddle, A.C. Jr.: Adrenosem Salicylate: A Systemic 
Hemostat, Oral Surg., Oral Med., Oral Path. 
6:617 (June, 1955). 

8. Fulton, M.D., Dept. of Biology, Boston University: 
Personal Communication. 
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CLIP APPLYING FORCEPS as modified by John H. Drew, M.D., Boston 
Clips will not stick or jam 


In actual operating room use, Drew Forceps 


1. entirely eliminate the problem of clips jam- 
ming or catching in the jaws of the forceps 


2. hold clips more securely—they are not dis- 
lodged during transfer from nurse to surgeon 


THE AUTHENTIC INSTRUMENT 


3451 WALNUT STREET. 


MINIATURE PROBE COUNTER 
TUBE FOR NEUROSURGERY 


(Robinson-Selverstone Type) 


LELAB Probe Counter Tubes are made 
especially for neurological surgery and other 
medical uses requiring a miniature probe. 
They provide a satisfactory way of measuring 
radioactivity in vivo and for probing small 
areas with relatively strong field intensities. 

The stainless steel] probing needle has an 
outside diameter of .080 inches. The sensi- 
tive volume starts about 5 mm. from the tip 
of the needle and extends to about 17 mm. 
from the tip. As an aid in detecting the depth 
of penetration, the probe is graduated in 1 
cm. divisions, starting at the far end of the 
sensitive volume and extending for a distance 
of 10 cm., the total needle length. 


Write Dept. P for further information 


H. W. LEIGHTON LABORATORIES 
26 Herman St. Glen Ridge, N.J. 


1S AVAILABLE ONLY FROM PILLING... ORDER DIRECT: 


GEORGE P. & SON C0. 


or 
clips 


3. are easier to use—with Drew forceps the nurse 
picks clips off the McKenzie magazine with 
much less effort or trouble than with the 
standard forceps. 


Write for complete listing of clip applying 
forceps with Drew jaws. 
Ref.: Drew, J.H.: J. Neurosurg. 10:439 (July) 1953. 


PHILADELPHIA 


By Yudell ... 


A NEW INSTRUMENT 
FOR NEUROSURGEONS 


CRANIUM PLATE-SEAT CUTTER 


Neatly grooves cranium 
to flush-fit 
polyethylene or 

metal plates. 


This instrument quickly cuts 
a smooth, even, 
which adds to the rigidity of a 
polyethylene plate, 
flushing it with the top of the 
skull. Depth of cut is adjust- 
able. Has a rotary cutting blade 
and water-cooling tube. Avail- 


recessed seat 


as well as 


able with direct drive motor } 
or adapted for flexible shaft. | 
Instrument is chrome plated | 
and may be autoclaved, 

Write for literature on Nudell’s Skull Templates and 


other specialities for Neurosurgeons. 


UZA NUDELL 


Technician to Neurosurgeons 


125 W. 45TH STREET © NEW YORK 36, N.Y. 
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PHILA 


RUBBER VENTRICULAR CANNULA 
& INDWELLING CATHETER 


Designed by Michael Scott, M.D , Philadelphia 


For Ventricular Tapping, and Injection or Removal of Air or Fluid 


* No danger of damage to brain by movement retracted, without danger of catheter damage 
of scalp a Any system may be Luer-locked to the cannula 
- Original insertion puts catheter in place—less for continuous injection, pressure estimation 
trauma than metal cannula plus catheter or drainage 
> Cannula-catheter can be left in situ for days 35-1611 Scott Cannula-Catheter, 8 Fr. . . 6 cm. 
without unusual irritation 35-1612. 8 cm. 
uepecialy valuable during a craniotomy— 35-1614 set of three: one each 6, 8 and 10 cm. 
ventricle tapped, cannula left in place, brain Ref: Scott, M.: J. Neurosurg. 10:438 (July) 1953. 


THE AUTHENTIC INSTRUMENT IS AVAILABLE ONLY FROM PILLING... ORDER DIRECT: 


GEORGE P. eeneeney & SON CO. 


3451 WALNUT STREET.... « « PRICABDELPHIA 


HEAVY RONGEUR 
FORCEPS 


This powerful, large up-cutting rongeur for- 
ceps takes a 7 mm. bite. 47%,” shank. 
Stainless. 


YMUELLER & CO. 


330 South Honore Street 
Chicago 12, Illinois rmamentoarium 


Rochester, Minn. Dallas, Tex. Houston, Tex. 
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Monatssehrift ftir 


Psychiatrie und Neurologie 


Monthly Review of Psychiatry and Neurology 


Revue Mensuelle de Psychiatrie et de Neurologie 


COLLABORATORS: 
M. BLEULER, Ziirich K. KLEIST, Frankfurt a. M. G. PAMBOUKIS, Athens 
L. VAN BOGAERT, Anvers K.KOLLE, Miinchen K. SCHNEIDER, Heidelberg 
E. CARP, Leiden E. KRETSCHMER, Tiibingen H. SCHOU, Dianalund 
OQ. DIETHELM, New York G. LANGFELDT, Oslo J. STAEHELIN, Basel 
R. GJESSING, Oslo J. LEPINE, Lyon H. STECK, Lausanne 
P. GLEES, Oxford A. LEWIS, London G. E. STORRING, Kiel 
H. HELWEG, Kgbenhavn J. LHERMITTE, Paris C. I. URECHIA, Sibiu 
B. JACOBOWSKY, Uppsala F. MOREL, Genéve A. WEBER, Bern 
E. KAHN, Houston, Texas M. MULLER, Bern J. WYRSCH, Bern 


EDITOR: J. KLAESI, Knonau 
REDACTOR: E. GRUNTHAL, Bern 


More than 130 volumes of well as to those of the clinic 
the “Monthly Review of and of general practice. 


Psychiatry and Neurology” 
Our Journal publishes pa- 


have been published up to 
pers in English, French or 


now. Their contents give a See 
survey of the development of 
all scientific topics in the with 


field of neurology and psy- mary in these 3 languages. 


chiatry as they were in the Apart from original papers 


foreground at the time. The and book reviews, collective 
papers published have al- reports on current questions 
ways come up to the require- are published from time to 
ments of the laboratory as time. 
2 volumes of 6 parts each are published yearly Subscription price per volume US$12.00 


BASEL 11 (Switzerland) S. KARGER NEW YORK 
For U.S.A.: Albert J. Phiebig, P.O. Box 352, White Plains, N.Y. 
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The Abnormal 


By LEO M. DAVIDOFF, M.D. 


Professor and Chairman, Department of Surgery of the Albert Einstein College of Medicine; 
Director of Surgery, Bronx Municipal Hospital Center; Chief of Neurosurgery, Mount 
Sinai Hospital, New York, N.Y. 


and BERNARD S. EPSTEIN, M.D. 
Chief, Department of Radiology, The Long Island Jewish Hospital, New Hyde Park, N. Y. 


S medicine advances in every field, pneumoencephalography remains as a 

bulwark in the day to day evaluation of neurological and neurosurgical prob- 

lems. This is because it often proves to give more precise indications and a 
higher percentage of demonstrable abnormalities than other methods also in use. 


In this book, pneumoencephalography is presented in its relation to its importance 
to clinical, pathologic and roentgenographic aspects of diseases of the brain. Neo- 
plasms are taken up first, with an opening chapter on the more common brain 
tumors. An entire section is devoted to non-neoplastic tumors of the intracranial 
cavity. Non-tumorous lesions of the brain, including congenital anomalies, degen- 
erative diseases, efc., are given full consideration. The text is well supported by 
clinical case reports and amply illustrated with reproductions from original films, 
many of which are new. 


For the second edition, the work has been brought up to date and augmented with 
much new material. It has a special appeal to neurologists because of its considera- 
tion of non-neoplastic diseases of the brain; to neurosurgeons for the discussion of 
brain tumor diagnosis; to pediatricians for the helpful guidance on brain lesions of 
infants and children; to internists, for clinical records of illustrative cases; and to 
neuropathologists for its material on the pathology of brain tumors. General prac- 
titioners will find it an easy to understand reference work covering the entire field 
of this valuable diagnostic procedure. 


Second Edition. 518 Pages, 7” X 10". 696 Illustrations on 291 Figures. $15.00. 
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THE BLOOD-BRAIN 
BARRIER 


with special regard to the use 
of radioactive isotopes 


By 
LOUIS BAKAY, M.D., F.A.C.S. 


Instructor in Surgery 
Harvard Medical School 
Assistant in Neurosurgery 

Massachusetts General Hospital 

Boston, Massachusetts 


This book will be of interest to a variety of research workers and clinicians, interested in brain 
metabolism. It will be of special help to NEUROSURGEONS WHO UNDERTAKE THE 
DIAGNOSIS OF BRAIN TUMORS WITH ISOTOPES. 


The first three chapters summarize our present knowledge on the anatomical location and 
normal functions of the barrier. 


The next chapters deal with the concentration of various radioactive isotopes in the brain with 
special regard to P32. The exchange of phosphates between plasma, cerebrospinal fluid and 
brain, the areas of normally increased permeability, and the embryonic development of this 
protective mechanism are included. 


The last four chapters describe pathological changes in permeability based mostly on human 
material. It shows the effect and the underlying principles of cerebrovascular accidents, infections 
and tumors on the ion exchange through the blood-brain barrier. The correlation between data 
obtained by the use of different isotopes and counting techniques is explained. 


SOME OF THE PRACTICAL POINTS EMERGING FROM THESE INVESTIGATIONS: 


1. There is a wide regional variation in the concentration of the isotopes of various parts of 
the brain under normal conditions. 


2. The time elapsed since injection of the tracer and its subsequent deposit in various parts of 
the brain is of much greater importance than previously thought. 


3. Circumscribed areas of high concentration of the isotope can be caused by a wide variety of 
lesions in addition to brain tumors. 


168 pages 75 illustrations 


Sent on approval, $5.50, postpaid 


OTHER TITLES OF CURRENT INTEREST IN THIS FIELD 


K. A. C. Elliott; Irvine H. Page and J. H. Quastel_-NEUROCHEMISTRY: The Chemical 
Dynamics of Brain and Nerve (Ist Ed. pub. 55), 916 pp., 101 il., Cloth, $19.50 


J. G. Greenfield—THE SPINO-CEREBELLAR DEGENERATIONS (ist Ed. pub. °55), 
122 pp., 18 il., (Amer. Lec. Neurology) , Cloth, $4.00 
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Announcing 


VOLUME IV 


| of one of the most important works 
| on allergy ever published 


PROGRESS 
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N-196 CRANIOPLASTIC KIT 


three ordinary cranial defects. 


N-198 CARBORUNDUM WHEEL 
Used with bone saw or drill to 
bevel edges and smooth rough 
spots. Can be autoclaved. 


Contains 3 packets of powder 
(sterile), 3 ampules of liquid 
(sterile) and 3 matrix bags which is 
sufficient material for the repair of 


N-197 SPENCE 
CRANIOPLASTIC 
ROLLER 


A stainless steel roller 
which is of great help 
in rolling the plastic 
mass to the desired 
thickness before fitting 
to the cranial defect. 


RESINOUS 
MATERIAL 


FOR 
REPAIRING 
CRANIAL 
DEFECTS 


A method of rapidly repairing 
cranial defects using a resin 
material containing Methyl- 
methacrylate which is molded 
into the cranial defect at the 
time of the original operation. 
This highly refined plastic has 
been used since 1947 and to 
date it has not been necessary 


to remove a single plate. 


Ref.: Spence, William T.: Form Fitting Plastic Cranioplasty. 
Journal of Neurosurgery. May, 1954. 
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ETABOLIC balance studies, such as those performed by Moore and his 
M co-workers,” have clarified the aberrations of fluid and electrolyte 

metabolism that occur during and following surgical procedures. 
The data thus obtained provided a rational basis for fluid and electrolyte 
administration during the operative and postoperative periods. 

There are at least two important reasons for such investigations in pa- 
tients with intracranial lesions. First, the electrolyte content of intravenous 
fluids, and possibly of body fluids, affects the cerebrospinal fluid pressure 
in animals" *°.* and in man.’ Secondly, lesions in certain areas of the brain 
are associated with unusual abnormalities of electrolyte metabolism, e.g., 
“cerebral salt wasting’? and hypernatremia and 

In this paper, the results of metabolic balance studies in 2 patients fol- 
lowing craniotomy and in 1 patient after ventriculography will be presented 
and studies in 5 other patients following craniotomy will be mentioned. In 
addition, 2 instances of marked hyponatremia which occurred after the re- 
moval of pituitary tumors will be described. 


METHODS 


The oral intake data were estimated from standard tables.‘ (Moore and 
Ball*! stated that in their studies calculated intake data were close to the val- 
ues obtained by analysis of the diet.) Sodium and potassium in urine and 
serum were measured on a Baird flame photometer with lithium as the inter- 
nal standard. 

The other determinations include 24-hour urinary excretion of nitrogen," 
17-ketosteroids® and free corticoids,” the concentration of eosinophils in 
peripheral blood,’ and the serum chloride concentration”’ and carbon dioxide 
combining power.” 

In Cases 1 and 2, in which balance data were fairly complete, the charting 
has been done according to the method of Moore and Ball.”! The intake is 
charted upward from the base line, the output downward from the intake 
line. The difference is the net balance, which, if positive, is cross-lined above 


* Supported in part by funds from Institutional Research Grant No. 43-F from the American 
Cancer Society. 
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the base line, if negative, is colored black below the base line. Thus, the in- 
take, output, and net balance are visible at a glance. The other charts are 
explained in the legends. 
CASE REPORTS 
Case 1. A 12-year-old boy entered the University of California Hospital on Nov. 
26, 1954. In September 1946 and again in March 1947, the patient had undergone 
Recurrent Cerebellar Astrocytoma 


Postoperative doys 


LB-—#—l2yrs 
Temp 39) {| i: 
* Serum Na—————142_ meq /L 
fe) 17—Ketosteroids ——— 8.3mg/24h 
gms. -5 17—Hydroxycorticoids-10.7 mg /24h 
10 Serum protein 8.5qgms% (5/3.5) 
2004+ 
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1504+ — 
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Fic. 1. Case 1. From above downward: body temperature (°C.), nitrogen balance, potassium balance, 
sodium balance, and serum sodium concentration. The preoperative levels of serum electrolyte concen- 
trations, urinary steroid excretion and serum protein are listed on the right side of the chart. The manner 
of depicting the balance data is described in the text under “Methods.” 


resection of a cystic cerebellar astrocytoma, followed by postoperative radiation 
therapy. He remained well from 1947 to October 1953, when occasional morning 
vomiting appeared. Subsequently, intermittent headaches, fatigability and ataxic 
gait developed. 

On admission the significant clinical findings were underaction of the left lower 
face, a left extensor toe response (Babinski), and a tendency to fall to the left. 

On Dee. 5, 1954 suboccipital craniectomy was performed, and a cerebellar as- 
trocytoma extending into the cisterna magna was partially removed. 

Except for hyperthermia, which persisted for several weeks, the patient’s post- 
operative course was uneventful. 
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Metabolic Studies. The data of the balance study, charted in Fig. 1, demon- 
strated a metabolic response similar to that occurring after general surgical opera- 
tions.*! During the immediate postoperative period, the nitrogen and potassium 
balances were negative and the sodium balance was positive. In several days, these 
trends were reversed. Positive potassium balance began on the 4th postoperative 


Chromophobe Adenoma 
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Serum Na ———139 meq/L 
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Fic. 2. Case 2. From above downward (left): nitrogen balance, potassium balance, sodium balance, 
17-ketosteroid excretion, corticoid excretion and blood eosinophil concentration. On the right side of the 
chart are listed the preoperative data of glucose tolerance test, serum electrolyte concentration, basal 
metabolic rate, 5! uptake, blood eosinophil response to ACTH, pituitary gonadotropin excretion, and 
hypertonic saline test (Hickey-Hare). Postoperative serum sodium concentrations are listed in text 
description of case. 


day, positive nitrogen balance on the 6th day, and negative sodium balance on the 
7th day. 

Oral feedings were begun on the 4th postoperative day, using a formula consist- 
ing of skimmed milk powder, banana flake and Meritene®. Accurate analysis of this 
formula, which was developed by Pickering,” had been previously performed. 

During the immediate postoperative period, appreciable quantities of sodium 
were administered (see Fig. 1) because of the tendency of electrolyte-free intra- 
venous fluids to increase the cerebrospinal fluid pressure,’!?*°.* and cause brain 
swelling. 
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The other noteworthy point is the fall in serum sodium concentration to 133 
mEq./l. on the 4th postoperative day, in spite of definite sodium retention. This 
“sodium paradox’! is the rule after trauma or major surgical procedures, and may 
be caused by a shift of sodium into the body cells”'** or a movement of cell water 
into extracellular fluid, thus decreasing sodium concentration. 


Case 2. A 39-year-old male was admitted to the Fort Miley Veterans Adminis- 
tration Hospital on Nov. 3, 1954. His symptoms included loss of libido and potentia 
during the preceding year, frontal headaches which had been present for 4 months, 
and failing vision of 2 months’ duration. 

Clinical examination disclosed bitemporal hemianopia; visual acuity was good. 
In roentgenograms of the skull, the sella turcica was enlarged. Tests to evaluate the 
level of endocrine function, listed in Fig. 2, revealed little evidence of hypopitui- 
tarism. The hypertonic saline test®"® was normal. Bilateral carotid angiograms 
were considered normal. 

On November 23, without hormonal supplements, a right frontal craniotomy 
was performed under general anesthesia, and a cystic chromophobe adenoma of 
the pituitary was removed. 

During the postoperative period, polyuria and polydipsia were present for sev- 
eral days, but no other complications occurred. Radiation therapy was subsequent- 
ly administered. The visual fields improved promptly and were normal when the 
patient was last examined in February 1955. 

Metabolic Studies. The balance data, steroid excretion and blood eosinophils are 
charted in Fig. 2. Again, the pattern is similar in general to that occurring after 
any major surgical procedure. The large sodium intake on the 2nd postoperative 
day was caused by an unexpectedly high oral intake in addition to 155 mEq. of 
sodium administered intravenously. Sodium diuresis appeared on the following day, 
but a second period of positive sodium balance supervened on the 8th postoperative 
day. Steroid excretion was elevated immediately after operation, then gradually fell 
to normal levels within a week. The serum sodium concentration (in mEq./I.) was 
135 on the Ist postoperative day, 140 on the 3rd day, 135 on the 6th day, 133 on the 
10th day, and 139 on the 14th day after operation. 


Case 3. A 32-year-old male was admitted to the Fort Miley Veterans Adminis- 
tration Hospital on Jan. 27, 1955. The patient had noted a gradual onset of unsteadi- 
ness of gait and change in speech 7 years before. During the 6 weeks immediately 
prior to admission, these symptoms had progressed more rapidly. In addition, vague 
headaches and slight dysphagia had begun shortly before entry. 

Examination on admission disclosed mild truncal ataxia, left’ dysdiadokokinesis 
and mild ataxia on left finger-to-nose test. Speech was somewhat thickened, and the 
left plantar toe response was equivocal. No nystagmus was present. 

On February 3, biparietal trephination and ventriculography were done under 
local anesthesia with 1 per cent procaine. Premedication consisted of 100 mg. of a 
barbiturate and 0.6 mg. of atropine. Sixty-five ec. of ventricular fluid were replaced 
with air, and subsequent roentgenograms were interpreted as demonstrating moder- 
ate generalized ventricular enlargement. There was no evidence of an intracranial 
tumor. 

The patient withstood the procedure well. His temperature was 100°F. on the 
afternoon of the day of operation but remained normal thereafter. 

Metabolic Studies. During the first 7 days following ventriculography, the pa- 
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tient’s only intake was a special formula, plus water as desired. Unfortunately, the 
exact figures of the daily amount of formula ingested were lost. However, except on 
the day of the procedure the patient consumed approximately two quarts of formula 
daily, containing about 60 mEq. of sodium and potassium and 12 gm. of nitrogen. 
Because the exact figures are not available, the electrolyte output only, not balance, 
has been charted in Fig. 3. These figures, together with the available intake data, 
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Fic. 3. Case 3. From above downward: Sodium output, potassium output, serum sodium concentra- 
tion, and fluid balance. The concentrations of blood eosinophils are listed on the right. Output data 
should be compared with daily intake of 60 mEq. (approximate) each of sodium and potassium (see text). 


indicate the development of two trends, i.e., relative oliguria and sodium retention. 
On the day of operation and the Ist and 2nd postoperative days, fluid intake was 
5200 ml. and urinary output was 2100 ml. On the operative and first 3 postoperative 
days, the total urinary output of sodium was 40 mEq., while sodium intake was ap- 
proximately 180 mEq. A moderate postoperative fall in blood eosinophils occurred. 
Negative nitrogen balance began on the 2nd postoperative day and a negative potas- 
sium balance on the 3rd. There was a slight fall in serum sodium concentration (143 
mEq./l. to 188 mEq./I). 


Five other patients who had craniotomies for intracranial tumors were 
studied from the standpoint of metabolic balance. The data are incomplete, 
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but from the information available, the metabolic response was qualitatively 
similar to that depicted in the foregoing cases. 

Postoperative Hyponatremia. The next 2 patients were not studied by 
balance techniques, but are included because of the development of post- 
operative hyponatremia. The diagnosis in both instances was chromophobe 
adenoma of the pituitary. 


Case 4. A 35-year-old female was admitted to the University of California Hospi- 
tal on Oct. 20, 1954. Symptoms included amenorrhea (4 years), headaches (3 
months), and impaired vision and diplopia (1 month). Bitemporal hemianopia was 
present, and loss of central vision had occurred on the right. Basal metabolic rate 
was plus 3 per cent, and protein-bound iodine was 4.9 yug./100 cc. (normal 4 to 8). 
The 24-hour urinary excretion of 17-ketosteroids, which was initially 2.5 mg., rose 
to 5.4 mg. following the administration of corticotrophin. 

On Oct. 25, 1954, a right frontal craniotomy was performed under general anes- 
thesia, and a large chromophobe adenoma of the pituitary was partially removed. 

The patient was alert on the Ist postoperative day but became stuporous on the 
2nd day. The craniotomy was re-explored, but no hematoma was found. On the 3rd 
day, a tracheotomy was done. The patient gradually improved and oral feedings 
were begun on the 6th postoperative day. Her temperature, which had risen to 
40°C. (104°F.) on the 2nd postoperative day, was 37.5°C. (99.5°F.) on the 4th day. 
After removal of the tracheotomy tube, the patient was discharged on Nov. 10, 1954. 

Metabolic Studies. Available data are charted in Fig. 4. It is evident that marked 
hyponatremia (116 mEq./l.) occurred on the 2nd postoperative day. Some degree 
of depression of adrenal function was probably present. However, on the 5th post- 
operative day, when the serum sodium concentration had risen to 141 mEq./I., the 
urinary sodium concentration was only 4 mEq./lI., suggesting adequate renal con- 
servation of sodium. 

Dilution of the extracellular sodium, in addition to the usual postoperative fall 
in serum sodium concentration, probably contributed to the hyponatremia. On the 
day of operation and the Ist postoperative day, the patient received 4000 ml. of 
water, intravenously, but only 39 mEq. of sodium. The exact urinary output on the 
Ist postoperative day is not known, but it was small. For the 2 days, the urinary 
output was probably not more than 800 ml. Allowing for an insensible water loss of 
600 to 850 ml. per day,” the patient retained between 1.5 and 2 liters of water in this 
2-day period, with less than 40 mEq. of sodium. As soon as the sodium intake was 
increased and the urinary volume increased, the serum sodium concentration rose 
and the patient improved rapidly. 


Water intoxication has been observed in general surgical patients, some- 
times in instances in which fluid intake has not seemed excessive. Dudley 
et al.’° believe that the mechanism of water intoxication is probably more 
complicated than simply hypotonicity of the extracellular fluid. Hypophysial 
and adrenal insufficiency increase susceptibility to water intoxication." 

Case 5. A 48-year-old female had had a right frontal craniotomy and removal of 
a chromophobe adenoma of the pituitary in 1947. Four years later, diabetes mellitus 
was discovered and the patient was placed on 10 units of protamine zinc insulin 
daily. Three years after this, vision again began to fail. 

When the patient was readmitted to the University of California Hospital, on 
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Jan. 23, 1955, the visual field of the right eye was reduced to a small island in the 
inferior nasal quadrant. There was loss of most of the temporal field of the left eye, 
but left visual acuity was good. 

At re-operation on Jan. 31, 1955, a recurrent pituitary chromophobe adenoma 
was removed. 

During the next 7 days, 3 to 4 plus glycosuria and slight acetonuria were present, 
despite administration of regular insulin. Acetonuria then ceased, and the urine 
was maintained sugar-free. 

The patient’s conscious state was satisfactory for 3 days after operation, follow- 
ing which she became restless and drowsy. The trend reached its maximum on the 
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Fic. 4. Case 4. From above downward: serum sodium concentration, serum chloride, serum COs, 
sodium and chloride intake, fluid intake, and urinary output. Preoperative basal metabolic rate and 
response of 17-ketosteroid excretion to ACTH administration are listed on right side of chart. 


5th and 6th postoperative days, when a deep stupor developed and the patient’s 
temperature rose to 39.4°C. (102.9°F.). Spinal fluid pressure at that time was 560 
mm. of water. During the 6th and 7th postoperative days, 500 ml. of 3 per cent 
saline were administered, and the patient began to rouse. On the 8th day, she was 
able to eat and 4 days later she was discharged. 

One month after discharge, the left visual field had improved, although the field 
of the right eye was unchanged. Twenty units of insulin per day were necessary to 
prevent glycosuria. 

Metabolic Studies. The data in this case are shown in Fig. 5. Unfortunately, the 
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daily electrolyte intake and output were not determined except for the intravenous 
fluids listed at the bottom of Fig. 5. The cause of hyponatremia was more complex 
than in Case 4. Renal loss of sodium was probably appreciable, because of glyco- 
suria and acetonuria. 

Postoperative oliguria and positive water balance also occurred in this patient. 
These factors were particularly marked on the 4th postoperative day, when the in- 
take was 3000 ml. and the urinary output was only 650 ml., resulting in a positive 
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Fic. 5. Case 5. From above downward: budy temperature range (°C.), serum potassium concentra- 
tion, serum sodium concentration, fluid intake, urine output, estimate of degree of stupor and partial 
data of electrolyte intake. KCl indicates additional potassium chloride administered intravenously 
on February 4 and 5. 


water balance of between 1500 and 1750 ml. (allowing for insensible loss). On the fol- 
lowing day, when the patient was deeply stuporous, the serum sodium concentra- 
tion was 120 mEq./I., and the serum potassium 5.7 mEq./l. The next morning, 
spinal fluid pressure was found to be markedly elevated. The administration of 
hypertonic saline resulted in fairly prompt response, and the patient was alert 
enough to eat on the 8th postoperative day. It should be noted that the serum so- 
dium concentration barely rose on the 8th and 9th postoperative days (in spite of 
the high sodium intake), probably because of the strongly positive water balance 
on the previous day (intake 4540 ml., output 1550 ml.). The final serum sodium con- 
centration was 139 mEq./l. on the day of discharge. 
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DISCUSSION 


These studies delineate a metabolic response to craniotomy which is 
quite similar to that noted after other surgical procedures. The negative po- 
tassium and nitrogen balances and the positive sodium balance which occur 
initially are followed in several days by a reversal of these trends. In appar- 
ent direct contradiction to the net balance, the serum sodium concentration 
tends to fall initially, and the serum potassium to rise. Case 3 is of particular 
interest in that a procedure under local anesthesia involving minimal surgical 
trauma induced a fairly strong response, especially in regard to sodium re- 
tention and oliguria. Perhaps irritation of the ventricular walls by air stimu- 
lated the hypothalamus, which in turn activated the anterior and posterior 
lobes of the pituitary.” 

Cases 4 and 5 illustrate the development of hyponatremia following 
craniotomy. Because of the impaired state of consciousness, both patients 
were suspected of having intracranial hematomas, and in one, re-exploration 
was carried out. The rapid improvement following administration of hyper- 
tonic saline was striking, and no hormonal supplements were necessary. 

Postoperative oliguria appears to have played an important role in the 
development of the hyponatremia. The oliguria, which has been noted after 
other surgical procedures,'®*° tends to vary with the severity of the operation 
and is not affected by replacement of operative blood loss or a large intake 
of fluid.’ It does not depend on sodium retention, but is presumed to be 
caused by release of antidiuretic hormone.!®!* Case 3, in which there was 
only minimal trauma to tissues and no general anesthetic would tend to sup- 
port the theory that oliguria is of posterior pituitary origin. 

Data presented in two recent studies of patients who had mitral val- 
vulotomy are pertinent to this problem. Wilson et al.** allowed 60 patients 
unlimited fluid intake in the immediate postoperative period, while 30 pa- 
tients were restricted to 1500 ml. per day. The two groups allowed un- 
restricted fluids drank 3210 ml. and 3460 ml. more in a 3-day period, but 
excreted only 850 ml. and 810 ml. more urine, respectively, than the group 
whose fluids were restricted. Associated with this fluid retention, there was 
a greater fall in serum sodium concentration than in the fluid-restricted 
group. In explaining the postoperative fall in serum sodium concentration, 
however, the authors stated that ** “external dilution’ is not the only signifi- 
‘ant factor, if it is assumed that the retained water is evenly distributed 
over the body.’ Some workers have suggested that this retained water re- 
mains largely in the extracellular space.!*.?° 

Bruce et al.° divided their patients into three groups. Twelve patients 
(Group I) were allowed unrestricted fluids postoperatively but no saline. 
Eighteen patients (Group IT) were given unrestricted fluids plus some saline 
(average 61 mEq. of sodium per day). Ten patients (Group IIT) were allowed 
less than 1 liter of water per day and no saline. The incidence of hypona- 
tremia (serum sodium below 127 mEq./I., in this instance) was 33 per cent 
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in Group I, 39 per cent in Group IT, and 10 per cent in Group III. The aver- 
age for each group showed a greater fall in serum sodium in Groups I and IT 
than in Group III. In 2 patients in Group I (unrestricted fluids) there de- 
veloped marked hyponatremia, associated with stupor and delirium. They 
improved promptly when saline was administered. 

These two studies suggest that retention of water (without sodium) plays 
a role in the usual postoperative fall in serum sodium concentration, by dilut- 
ing the sodium present. Dudley ef al.’° found that retention of water in the 
postoperative period resulted in a decrease of serum sodium concentration 
greater than that calculated from simple dilution (assuming the retained 
water is equilibrated with total body water). Other suggested mechanisms 
include intracellular shift of sodium“! or “internal dilution” by cell water.** 

In determining the type of intravenous fluids to be given during and after 
craniotomy, the metabolic response to the operative procedure must be con- 
sidered. It has been suggested that intravenous solutions of 2.5 per cent glu- 
cose in 0.42 per cent sodium chloride* or sodium lactate* be used during and 
following craniotomy to avoid the brain swelling which may be caused by 
electrolyte-free fluids. In patients who have had craniotomy on the Neuro- 
surgical Service at the University of California Hospital, 0.45 per cent saline 
has been used in selected cases for several years without any apparent ad- 
verse effects. However, the postoperative sodium retention may be danger- 
ous in patients with cardiac disease. Two of the patients reported by Bruce 
et al.® were allowed unlimited fluids and some saline (about 60 mEq. per day) 
following mitral valvulotomy. After intravenous administration of sodium 
lactate, both patients died of acute pulmonary edema. 

Restriction of fluid intake during the operative and postoperative period 
may minimize postoperative hyponatremia with its attendant risk of cerebral 
edema. This was suggested in the treatment of head trauma some years ago 
by Fay." However, the severe restriction of fluid intake (600 ce. per day) 
which he advocated may result in dehydration. 

Dehydration is not advocated, but rather careful avoidance of overhy- 
dration. Wilson et al.*4 demonstrated that increasing the postoperative fluid 
intake does not result in a commensurate increase in urine output, but in 
fluid retention. Their restricted fluid intake was 1500 ml. per day, while 
Bruce ef al.’ allowed less than 1 liter per day. Studies in patients without 
cardiac disease supported these conclusions.’ !:!5> However, severe restric- 
tion in fluid intake may be associated with some increased danger of venous 
thrombosis. 

No single arbitrary figure for fluid intake can be proposed because of vari- 
ables, such as climate, body weight and body temperature, which affect 
fluid loss. If sodium-containing fluids are administered, the amount is less 
critical, except insofar as total body water and cardiac status are concerned. 
If electrolyte-free fluids are used, the volume must be calculated according 
to output of urine, presumed insensible loss, and extrarenal loss. Oliguria 
may occur and persist for several days after craniotomy. A daily urinary 
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volume of 500 to 700 ml. is thought to be adequate during the first 2 days fol- 
lowing a major surgical procedure.'® An attempt to maintain an arbitrary 
higher urinary volume during this time by forcing fluids may result in marked 
fluid retention. 

The simplest indicator of fluid retention is the daily weight of the pa- 
tient. A patient should lose weight after an operation.’°! Postoperative in- 
crease in weight is “an outstanding abnormality of surgical metabolism,’ 
and generally indicates retention of fluid. 


SUMMARY 


Studies of the metabolic response to craniotomy are reported. The data 
obtained indicate that the metabolic alterations are similar to those noted 
after other surgical procedures and include sodium retention, potassium 
loss, nitrogen loss, and frequently oliguria. These trends are reversed in sev- 
eral days. 

Two patients in whom hyponatremia developed following craniotomy for 
pituitary tumors are described. Fluid retention without sodium administra- 
tion appeared to be partially responsible for the hyponatremia. The patients 
were comatose when the serum sodium concentration was low and regained 
consciousness shortly after the administration of hypertonic saline. 

The type and amount of intravenous fluid to be administered during and 
following craniotomy are discussed in the light of these studies. 


The laboratory studies in Cases 2 and 3 were done under the direction of Dr- 
T. V. Feichtmeir, Chief of the Clinical Laboratory at Fort Miley Veterans Admin- 
istration Hospital. In the remaining cases, the studies were done in the Central 
Laboratory of the University of California Hospital (Dr. W. L. Bostick, Director). 
Miss Kay Hyde drew the charts. The author is also indebted to Dr. E. B. Boldrey 
and Dr. I. S$. Edelman for valuable advice and criticism, and to Mrs. M. Beaghler 
for editorial assistance. 
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surgery, we have carried out 18 major brain operations under medium 

deep and deep} hypothermia. The series consisted of 14 cases of brain 
tumour and 4 cases of vascular malformation. This is a preliminary report 
on our experiences from a neurosurgical point of view. Problems bearing on 
the general effects of hypothermia lie beyond the scope of the present com- 
munication and will not be discussed in detail. 

General hypothermia was introduced into practical medicine in 1939 by 
Smith and Fay,” ** who used the method in the treatment of cancer. Fay" 
was also the first to employ hypothermia as an adjuvant in neurosurgery. 
With a “cooling blanket”’ he lowered the body temperature of patients with 
head injuries and hyperthermia to about 33.0°C,. (91.4°F.). 

In 1951 a different method for lowering the body temperature was intro- 
duced by Laborit and Huguenard" under the name of hibernation artificielle. 
This method, in which a superficial hypothermia is induced mainly by means 
of different drugs (“lytic cocktail”), has been used in intracranial surgery by 
Lazorthes et al.!° and by Woringer et al.2° 

In 1950 Bigelow et al.4 and in 1951 Boerema et al.’ showed that at a body 
temperature of 20°C. (68°F.) dogs can survive total occlusion of the circula- 
tion during any time up to 15 minutes without sequelae from cerebral hy- 
poxia being demonstrable on restoration of normal body temperature. Bige- 
low et al.’ also found that oxygen consumption decreased almost linearly 
with lowering of the temperature, provided that shivering was prevented by 
the administration of appropriate anestheties and arterial oxygen saturation 
was maintained at a high level, and that under these conditions a tissue oxy- 
gen deficit did not develop during the cooling period. It is on the basis of 
these fundamental experiments that hypothermia has been utilized for the 
last 3 vears in cardiac surgery to permit intracardiac operations under visual 
control. Communications on these investigations have been published by 
Lewis et al.,° Swan et al.,?° Bailey et al.? and others. 

Hemorrhage, increased intracranial pressure, acute brain swelling and 
local cerebral hypoxia still render many intracranial procedures hazardous. 


lf ORDER to evaluate the effect of low body temperature in intracranial 


* Presented at the 9th Scandinavian Congress of Neurology, Lund, June 5, 1955. 
+ In this paper “deep” hypothermia is to be understood as 27.0°C. (80.6°F.) and below, “medium 


deep” as 27.1°-32.0°C, (80.8°-89.6°F.) and “superficial” as above 32.0°C. (89.6°F.). 
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These complications are responsible for most of the postoperative neurologi- 
cal sequelae and deaths, and are the main cause of most of the difficulties en- 
countered in brain surgery. 

Despite the advances made in methods of hemostasis, the prevention of 
hemorrhage during or after an operation is still an important problem for the 
neurosurgeon. The introduction of induced hypotension by ganglionic block- 
ing agents in 1948 marked a great advance, especially in the surgery of vascu- 
lar malformations. It has long been known that the blood pressure decreases 
with lowering of the body temperature,?* but the underlying mechanism ap- 
pears to differ widely from that of hypotension induced by ganglionic block- 
ing agents. 

Studies on cerebral hemodynamics in man®:'*.*° indicate that the fall in 
blood pressure in the cerebral arteries accompanying ganglionic block is 
compensated by a corresponding decrease in the peripheral resistance caused 
by vasodilatation, with the result that the cerebral blood flow is still suffi- 
cient for satisfactory oxygenation of the brain. Stone et al.?° found complete 
compensation at blood-pressure levels as low as 31 to 60 mm. Hg in 4 cases, 
but they pointed out that these results do not permit generalization, since 
many different factors, such as general anesthesia or arteriosclerosis of the 
cerebral arteries, might cause compensation to be incomplete. It seems rea- 
sonable to suggest that increased intracranial pressure may act similarly by 
deranging cerebrovascular dynamics. In hypothermia, on the other hand, 
the consumption of oxygen decreases simultaneously with the fall in blood 
pressure: oxygenation of the tissues is still satisfactory, despite low arterial 
pressure, peripheral vasoconstriction and diminished blood flow. In experi- 
ments on dogs Bigelow et al.° found this to hold down to a temperature of 
19.0°C. (66.2°F.) for up to 4 hours (blood pressure between 20 and 40 mm. 
Hg). 

Clinical investigations of the side effects of induced hypotension show 
that this method involves certain risks of damage to the brain and other 
organs by hypoxia. By means of questionnaires to British anesthetists, 
Hampton and Little’ collected information about 21,000 cases in which 
hypotension had been induced by ganglionic blocking agents. There were 42 
deaths (0.2 per cent), probably ascribable to the hypotension. Statistical 
evaluation suggested that 80 mm. Hg is a critical level, above which compli- 
cations are infrequent. The incidence of cerebral hypoxia cannot be estimated 
from these series. Berg* and Nilsson,'® using flicker fusion after administra- 
tion of Evipan as a test of cerebral function, found values supposed to indi- 
cate diffuse cerebral injury in 12 of 29 patients operated upon extracranially 
under induced hypotension with blood pressures between 60 and 80 mm. Hg. 
As to deep hypothermia, no comparable investigations are available, but, 
as far as we know, no experimental or clinical data available show that hy- 
pothermia involves a risk of cerebral hypoxia (provided that ventilation is 
sufficient and shivering is prevented). Smith” reviewed a number of patients 
with cancer treated with hypothermia. He found no signs of mental dis- 
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turbances, and at 50 autopsies he could not detect any evidence of injury 
from cerebral hypoxia. Callaghan et al.* induced hypothermia (20°C., 68°F.) 
in monkeys. After rewarming they could not find any signs of mental dis- 
order or electroencephalographic abnormalities. 

The above-mentioned investigations suggest the following conclusion: 
In hypotension induced by ganglioplegic agents hemodynamic mechanisms 
try to maintain cerebral blood flow at a normal level by means of vasodilata- 
tion. Under certain circumstances, however, these mechanisms fail and 
thereby create the risk of cerebral hypoxia, this risk being increased below a 
critical level of 80 mm. Hg. In hypothermia the low blood pressure is accom- 
panied by a decrease in cerebral blood flow. Nevertheless the risks of cere- 
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Fic. 1. Diagram illustrating the interplay of different factors suggested as possibly producing 
increased intracranial pressure and brain swelling. 


bral hypoxia seem to be less than at normal body temperature, even if the 
blood-pressure level is far below 80 mm. Hg. 

Increased intracranial pressure and swelling of the brain are complex phe- 
nomena correlated with many factors, several of which are themselves cor- 
related. This explains the tendency to the development of a frequently fatal 
vicious cycle. We have tried to depict the interplay of these factors dia- 
grammatically in Fig. 1, which is based on well known clinical and experi- 
mental observations. 

The interrelationships apparent from the diagram suggest that hypo- 
thermia might be able to diminish or counteract swelling of the brain by 
diminishing the risk of general hypoxia and decreasing the cerebral blood 
pressure and blood flow. The above-mentioned studies on cerebral blood 
flow in hypotension induced by ganglioplegic agents indicate that these 
agents do not produce any decrease in the volume of the brain. This is in 
line with our clinical experience that induced hypotension has only a slight 
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effect, if any, on the persistent increase in intracranial pressure in cases of 
brain tumours. Obrador et al.2° made similar observations in an experimental 
and clinical investigation. In contrast therewith they found a clear effect of 
ganglioplegic agents on sudden increase of intracranial pressure and brain 
volume produced in dogs by lesions of the floor of the fourth ventricle as well 
as on the acute swelling of the brain that sometimes occurs in humans during 
intracranial operations. In the present investigation special interest was fo- 
cused on the effect of hypothermia, on increased intracranial pressure and 
acute swelling of the brain. 

Local cerebral hypoxia with consequent functional disorders must always 
be taken into consideration when manipulation of large arteries or veins is 
necessary during an intracranial procedure. Functional disturbances after 
direct traumatisation of the brain tissue during an operation can probably 
also be at least partly ascribed to disturbance of the circulation with conse- 
quent local hypoxia. It is known from Bigelow et al.‘ that the risk of general 
hypoxia and its sequelae after temporary occlusion of the blood supply to the 
brain decreases with lowering of the body temperature. It does not sound 
unreasonable to suppose that this might also hold for lesions from local 
hypoxia, especially if the lesions are caused by reversible circulatory dis- 
turbances such as ligation of parasagittal veins, spastic arterial constriction, 
temporary clamping of a cerebral artery or pressure on the brain. Judging by 
the experiments of Ralston e¢ al.2! and Thompson and Smith?’ on dogs, hy- 
potension produced by loss of blood or ganglionic blocking agents enhances 
the cerebral injury following ligation of the middle cerebral artery. These 
investigations suggest that, as far as local hypoxia is concerned, deep hypo- 
thermia implies better surgical conditions than those prevalent in normother- 
mic patients with or without hypotension induced by means of ganglionic 
blocking. 

When planning the present investigation there were thus ample experi- 
mental and clinical data available suggesting that deep hypothermia might 
imply certain advantages in intracranial surgery, especially with regard to 
hemorrhage, increased intracranial pressure, brain swelling and lesions from 
local hypoxia. Our decision to try deep hypothermia in brain operations was 
preceded by experimental work with special reference to the effect of hypo- 
thermia on different kinds of brain lesions (unpublished). It was the experi- 
ence gained thereby that guided our choice of technique for the induction of 
hypothermia in the clinical trial. 

The risks of deep hypothermia were known beforehand from experimental 
studies on animals and from clinical reports of surgery on the open heart. In 
the clinical series ventricular fibrillation was responsible for most of the 
postoperative deaths. In the 3 largest series,?°.* including 34 cases in all, 
ventricular fibrillation occurred in 13 cases with 6 fatalities. In only 3 cases 
did fibrillation start before the heart had been exposed, apparently at body 
temperatures between 27.0°C., and 30.0°C. (80.6°F.-86.0°F.). It sounds 
reasonable to suppose that the risk of ventricular fibrillation is less in pa- 
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tients without severe organic heart disease and operated upon without ma- 
nipulation of the exposed heart. On the other hand, in cases of emergency, 
countermeasures can be taken with less loss of time if the thorax is open. It 

yas mainly because of the risk of cardiac complications that the first 6 opera- 
tions in the present series were carried out on patients with gliomata or metas- 
tases in the brain. No patients with serious organic heart disease were ac- 
cepted for hypothermia. Apart from this, the patients were not selected ac- 
cording to any standardized criteria. 


METHOD 


Hypothermia was induced and body temperature was restored by means of cir- 
culating air in an apparatus described by Lundberg and Nielsen.'** The design and 
mode of action of the apparatus are apparent from Fig. 2. 

The anesthetic procedure was as follows. The usual premedication was given: to 
pe tients with symptoms or signs of increased intracranial pressure phenobarbital 


D 


3 


Fic. 2. Schematic design of the apparatus for cooling and rewarming. 


an | atropine; to the remainder phenobarbital, morphine and scopolamine. Anes- 
thesia was induced with a basic dose of Evipan (200-400 mg.), after which the pa- 
tient was intubated with a cuff-tube, relaxation being secured by succinylcholine- 
chloride. Anesthesia was maintained by inhalation of nitrous oxide and ether. In 
order to get the shivering under control from the very beginning of the cooling pro- 
cedure, we aimed at securing moderately deep anesthesia (third stage, plane 2) be- 
fore it was started. 

As soon as the anesthesia was considered deep enough, the patient was placed 
in the cold box and connected to the anesthesia machine and the equipment for re- 
cording blood pressure and body temperature as well as to the electrocardiograph. 
In order to insure adequate ventilation throughout the procedure of hypothermia, 
the respiration of the patient was taken over by a respirator during the period of 
active cooling, i.e., before the body temperature reached 30°C. (86°F.). In the be- 
ginning the patient’s hands, feet and external genital organs were protected, but 
later this practice was found unnecessary. The temperature in the box was main- 
tained at a fairly constant level between —5°C. and —10°C, (23°-14°F.). In all 
cases except 3, active cooling was interrupted at a rectal temperature of about 


* Manufactured by Atlas, Copenhagen. 
+ “Aga Vivrator,”” Aga, Stockholm. 
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30°C, (86°F.), which was reached after an average of 2 hours, 20 minutes (range: 
3 hours, 20 minutes—1 hour, 25 minutes). 

As soon as the patient was removed from the box, he was laid on the operating 
table, and the operation was started after catheterization of the radial artery and 
a subcutaneous vein. The rectal temperature continued to fall after active cooling 
had been stopped: at the beginning of the operation it varied between 28.0° and 
29.0°C. (82.4-84.2°F.); 1-13 hours after the end of active cooling the fall in tem- 
perature ceased at between 24.8°C. and 27.0°C. (76.6°-80.6°F.). The rectal tem- 
perature persisted at this low level until rewarming was started, in one case as long 
as 8 hours (see Fig. 3). 

Continuous infusion of 5 per cent glucose by intravenous drip and one or two in- 
fusions of 500 ml. citrated blood were routine measures. In 2 cases Arfonad* in a 
0.1 per cent solution was administered by intravenous drip. 

The rewarming procedure was varied. After the operation the patients were 
usually placed in the box in which the temperature was maintained at 35°-40°C, 
(95°-104°F.) with the fan running. Rewarming to 34.0°C. (93.2°F.) usually required 
3-4 hours. During this period shivering could usually be controlled with nitrous ox- 
ide only. In some cases the patients also received chlorpromazine in one or more 
doses of 50 mg. After the rectal temperature had increased to about 34.0°C. (93.2°F.) 
the patient was put to bed and transported to the ward. In some cases rewarming 
was intentionally retarded: on conclusion of the operation the patient was immedi- 
ately placed in bed and removed to a room with a thermostatically controlled tem- 
perature of 30°C.-35°C. (86°-95°F.). In one instance (Case 7) recovery of body 
temperature to 34.0°C, (93.2°F.) required 11 hours (see Fig. 3). The respirator was 
disconnected during the rewarming period at varying levels of temperature from 
26.0°C.-34.0°C. (78.8°-93.2°F.). 

The rectal temperature was measured with a thermocouple and a mirror gal- 
vanometer,t and the blood pressure by sphygmomanometer and palpation of the 
radial pulse. (All blood-pressure values in this paper are therefore only approximate 
and are given to the nearest degree.) The electrocardiograms were recorded by a di- 
rect writing apparatust and could also be followed continuously on the screen of a 
cathode-ray oscillograph.§ This equipment also permitted continuous recording of 
the muscle activity in association with shivering. 


RESULTS 


Mortality. Two deaths (Cases 10 and 11) occurred in this series (operative 
mortality 11 per cent). In Case 10 postmortem examination revealed dif- 
fuse purulent meningo-encephalitis, the origin of which could not be ex- 
plained. In Case 11 the cause of death was increased intracranial pressure 
from multiple metastatic tumours in the brain and possibly accentuated by 
the operative trauma. In neither of the 2 fatal cases did the postoperative 
course or the postmortem examination reveal anything suggesting that the 
hypothermia per se had played a contributory réle as a cause of death. This 
possibility, however, cannot be excluded with certainty. 


* Manufactured by Hoffmann-La Roche, Inc., Basel, Switzerland. 

+ “Electric Universal Thermometer” type TE 3, Elektrolaboratoriet, Copenhagen. 
t ‘“Mingograf,” type 23, Elema, Stockholm. 

§ “Cardioscope,” Elema, Stockholm 
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Fic. 3. Diagrams illustrating the fluctuations of rectal temperature, blood pressure and pulse during 
hypothermia in two different cases. (1) Cooling in the box. (II) Operation. (II]) Rewarming. (IV) 
*atient back in the ward. | indicates transfusion. 


(Above) Case 10. Male. Aged 58 years. Intracranial ligature of arterial aneurysm from anterior 
communicating artery. 


(Below) Case 7. Female. Aged 43 years. Partial removal of meningioma from clivus and left petrous 
bone. 


Extracerebral Complications. Ventricular fibrillation did not occur in any 
of the patients.* Electrocardiographic abnormalities (arrhythmia, extra- 
systole, deformation of the auricular and ventricular complexes) were re- 


* Since this series was presented we have had one case of ventricular fibrillation with fatal outcome. 
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corded in most cases. These abnormalities regularly disappeared during re- 
warming. 

In Case 16 bronchopneumonia and fever developed on the 3rd day after 
operation and persisted for 3 days. This complication was probably aserib- 
able in part to the lateral position of the patient during a fairly time-consum- 
ing operation (radical removal of an acoustic neurinoma with preservation 
of the facial nerve). 

No symptoms or signs of prolonged renal complications were observed 
(only the nonprotein nitrogen and the daily urinary output were determined 
routinely). In analogy with what was observed by Andersen and Nielsen! in 
rabbits, the excretion of urine decreased considerably or almost ceased dur- 
ing hypothermia, to increase again during restoration of body temperature. 
In 1 patient (Case 10) urinary excretion was almost or completely suppressed 
for about 12 hours after the end of the operation, but without any accom- 
panying increase in the nonprotein nitrogen. In this case the blood pressure 
had been lowered with Arfonad from 80 mm. Hg to 30-40 mm. Hg for about 
45 minutes. 

Though measures were usually not taken to protect the peripheral parts 
of the body, none of the patients showed any signs of superficial frostbite or 
pressure gangrene. The healing of the scalp wounds was uncomplicated in all 
"ases. 

Cerebral Complications. In 2 cases a postoperative hematoma was evacu- 
ated. In one of these (Case 11) the hematoma was caused by a silver clip 
having slipped off a dural artery; in the other (Case 18) it was not possible 
to ascertain the source of hemorrhage. Apart from these 2 cases and Case 10, 
we had the impression that, as far as cerebral symptoms in general are con- 
cerned, the postoperative course was usually smoother than what might 
have been expected without the use of hypothermia. No statistical data are 
available in support of this impression, but the following observations might 
be mentioned. As a rule, the patients were mentally clear the day after the 
operation. Three patients were out of bed sitting in a chair on the 2nd day 
after operation, 5 on the 3rd, and 4 on the 4th. On the average the patients 
were out of bed on the 4th postoperative day. The early postoperative rise 
in temperature was moderate, and no late fever reactions with or without 
signs of meningeal irritation were seen during the later postoperative course. 

Blood Pressure and Bleeding. The fall and rise of the blood pressure fol- 
lowed a fairly uniform pattern during the different phases of the procedure 
of hypothermia (Fig. 3). In all 12 cases, where the lowest rectal temperature 
was 26.0°C. (78.8°F.) or less, a drop in blood pressure of about 50 per cent 
was recorded, and in 6 of these cases the blood-pressure level lay below 60 
mm. Hg. In the remaining 6 cases there was a 50 per cent decrease in 3 and 
a level under 60 mm. Hg in only 1. In 2 cases (Nos. 8 and 10) the blood pres- 
sure was lowered further by the administration of Arfonad (Fig. 3): in Case 
8 from 80-90 mm. Hg to 40-50 mm. Hg; in Case 10 from 70-80 mm. Hg to 
30-40 mm. Hg. Apart from the aforementioned transient anuria, the admin- 
istration of Arfonad was not followed by any demonstrable side effects. 
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At all operations except 1 (Case 7) bleeding was only slight and hardly 
disturbing. The operative field could easily be kept entirely visible, and in 
most cases hemostasis presented no difficulties. The effect of the low blood 
pressure and decreased blood flow was particularly favourable in cases of 
intracranial aneurysms and richly vascularized gliomata. In 4 cases the con- 
trol of venous bleeding from the dura mater was somewhat more troublesome 
than usual. This was obviously caused by a decrease of the coagulability 
and not by any high pressure in the cerebral veins. 

Increased Intracranial Pressure and Swelling of the Brain. No measure- 
ments were made of the intracranial pressure during hypothermia. Of the 
14 patients with cerebral tumour, 8 had papilledema, which was advanced 
in 5 and moderate in 3. Of these patients with papilledema, 3 were profoundly 
somnolent and 3 moderately so. At all operations for tumours, the gyri were 
found to be flattened, suggesting that the intracranial pressure had been 
raised for some time before the operation. When the dura mater was exposed 
at a rectal temperature of about 28.0°C. (82.4°F.) it regularly appeared to be 
less tense than what is generally seen in the presence of brain tumour with in- 
creased intracranial pressure. In 3 cases the dura mater was slightly tense; 
in the remainder it was, if anything, flaccid. The dura mater was always 
opened without previous ventricular puncture and neither immediately nor 
later during the operation did the brain bulge out through the defect. In 
those cases in which a glioma or a metastatic tumour was removed from the 
depth of a cerebral hemisphere, the wound in the brain was open and could 
be visually inspected until the very end of the operation. In all cases the dura 
mater was sutured without disturbing tension, and the rest of the wound 
was closed without decompressive measures. Thus, on no occasion did acute 
swelling of the brain occur during the operation. 


DISCUSSION 


Though no measurements were made of the intracranial pressure in these 
series, our observations at the operating table might be regarded as suffi- 
ciently conclusive to establish that lowering of the body temperature to 25°— 
27°C. (77°-80.6°F.) appreciably diminishes the increased intracranial pres- 
sure caused by brain tumours and mitigates the risk of acute swelling of the 
brain during intracranial operations. This implies a better approach to, and 
view of, the operative field as well as less traumatisation of the brain, and it 
also facilitates adequate closing of the wound. We offer no explanation for 
the underlying mechanism of this effect of hypothermia, but we suppose 
that it is the combined result of several factors including decreased blood 
pressure and blood flow, better oxygenation of the brain tissue, and possibly 
also a decreased production of cerebrospinal fluid. Neither do we know the 
minimum decrease in body temperature necessary to secure these surgical 
advantages, but even at 29.0°C. (84.2°F.) we observed a marked effect in 1 
case. 

Diminution of the bleeding at operation on richly vascularized tumours 
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proved valuable, but the greatest direct advantage of the low blood pressure 
and blood flow was observed in operations on vascular malformations, for 
the treatment of which deep hypothermia might open new surgical possi- 
bilities. Judging by observations made in our cases, this favourable effect of 
hypothermia is generally not optimal until the blood pressure has dropped 
below 60 mm. Hg, a level usually not reached until the temperature has fall- 
en to below 27.0°C. (80.6°F.). Hypothermia in combination with ganglionic 
block was tried in 2 cases of intracranial arterial aneurysms. The fall in blood 
pressure obtained thereby (down to 30-50 mm. Hg) produced unusually 
favourable conditions for dissection of the aneurysm and neighbouring ar- 
teries. From what is known about oxygen transport and utilization at low 
body temperatures, it seems probable that lowering the blood pressure from 
80 to 40 mm. Hg at 25°C. (77°F.) involves less risk than does lowering it 
from 120 to 60 mm. Hg at a normal body temperature, above all if cerebro- 
vascular dynamics are deranged by increased intracranial pressure. Dundee 
et al.’° have reported good results of a combination of medium deep hypo- 
thermia (30°-32°C.) and the administration of Arfonad by which method 
they obtained blood-pressure levels between 60 and 70 mm. Hg. 

The suggested réle of hypothermia in diminishing the frequency of lesions 
caused by local hypoxia cannot be evaluated on the basis of the present in- 
vestigations. Transient occlusion of a major brain artery under hypothermia 
is an expedient to facilitate surgical treatment of intracranial vascular mal- 
formations. In none of our cases was this procedure indicated. 

Our experience with the method for inducing hypothermia used in the 
present study was promising. We cannot confirm the opinion of Bailey et al.’ 
that the use of cold circulating air is unsuitable because of the risk of cold in- 
juries to the skin. Our decision to use inhalation anesthesia was based on the 
assumption that the diffusion processes dominating the transport of gaseous 
anesthetics are influenced less by low temperature than the processes respon- 
sible for breaking down anesthetics administered parenterally. Several of 
our patients still breathed spontaneously at rectal temperatures of 25.0°— 
26.0°C. (77.0°-78.8°F.). This observation is not in accordance with the opin- 
ion of Keown et al." and others that respiration ceases below 28°C, 

The induction of deep hypothermia is a major undertaking, which still 
involves certain risks. Is it nevertheless justifiable to use deep hypothermia 
in neurosurgery? Our experience suggests that the risks are not so great as 
to contraindicate its use in selected cases in which control of hemorrhage and 
brain swelling are imperative for the success of a hazardous operative pro- 
cedure such as the extirpation of certain less readily accessible or highly 
vascularized tumours and very large arteriovenous aneurysms. But as yet 
we know too little about the untoward side effects of hypothermia, especially 
about ventricular fibrillation and how to prevent it, to advocate a more gen- 
eral use of deep hypothermia in intracranial surgery. If, however, future 
investigation can show that the risks are not significantly greater than those 
involved by the anesthetic methods now used in neurosurgery, deep hypo- 
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thermia might prove a valuable adjuvant in many intracranial operations: 
it will improve the results and decrease the strain on the neurosurgeon and 
perhaps permit operations now usually regarded as too risky, such as intra- 
cranial ligature of ruptured aneurysms in the acute stage. 

SUMMARY 

1. Eighteen major intracranial operations were done under general hy- 
pothermia with a lowest rectal temperature of between 24.8°C. (76.6°F.) 
and 29.2°C, (84.6°F.). The series included 14 cases of brain tumour and 4 
‘ases of vascular malformation. 

2. Hypothermia was induced and body temperature was restored by 
means of circulating air in a specially constructed apparatus. 

3. There were 2 deaths, 1 caused by multiple cerebral metastases from a 
venerally metastasizing bronchial cancer and 1 caused by a diffuse purulent 
meningo-encephalitis of unknown origin. Apart from bronchopneumonia of 
moderate severity in 1 case there were no extracerebral complications of any 
significance. Two postoperative hematomas were evacuated. There were no 
signs of cerebral complication ascribable to hypothermia. 

4. Blood-pressure levels between 40 and 60 mm. Hg were recorded in 8 
cases and between 60 and 90 mm. Hg in 10 cases. In 2 cases of arterial 
aneurysm an additional decrease in blood pressure to between 30 and 50 
mm. Hg was induced by means of Arfonad. At these blood-pressure levels 
the conditions with regard to bleeding, hemostasis and dissection of aneu- 
rvsms were highly favourable. 

5. In the cases of brain tumour, observations during the operations 
showed that the preoperatively increased intracranial pressure was consid- 
erably reduced during the state of deep hypothermia. In none of these cases 

vas a tendency to acute swelling of the brain observed during operation. 

6. It is concluded that deep hypothermia produces certain favourable 
effects in intracranial surgery for brain tumours and vascular malforma- 
tions, and that it should be used in selected cases in which these effects are 
of special importance. 


We are indebted to the manufacturer of the cooling device, A/S Atlas, Copen- 
hagen, and its representative in Sweden, Disponent G. Ekblad, Malmé, for valuable 
technical and economic help. 
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oblastoma with associated “polyeythemia vera.” They added 3 cases 

from the literature. Since then, about 22 such cases have been reported 
in the American literature.’!:?-2!.2> Hemangioblastomas of the posterior 
fossa constitute only 2 per cent of intracranial tumors?*'® and those asso- 
ciated with “polyeythemia” less than 20 per cent of the total number of 
hemangioblastomas.? Thus, the association of “polyeythemia” with posterior 
fossa hemangioblastoma is, to paraphrase Carpenter, an event of the greatest 
rarity. 

Polyeythemia rubra vera has been defined as a disease of unknown eti- 
ology, characterized by an excessive production of all marrow elements with 
resultant increase in red blood cell count, total red blood cell volume, white 
blood cell and platelet counts, and accompanied by increased blood viscosity 
and decreased velocity of blood flow.!** Since quantitative blood studies 
have been done in only 1 of the reported cases of cerebellar hemangioblas- 
toma,® it is difficult to determine whether polycythemia vera (as defined 
above) did, in fact, exist in the remainder. Possibly erythrocytosis, in which 
the red blood cell count is elevated with no increase in white blood cells or 
platelets, might be a more appropriate term to use. 

We have recently studied 2 patients who had posterior fossa hemangio- 
blastomas with associated erythrocytosis. Both patients were treated surgi- 
cally, one with subtotal and the other with total removal of the tumor. We 
believe that the hematologic studies made in these 2 cases are more nearly 
complete than those reported heretofore. 

It has not vet been proved that the relationship between the altered 
blood picture and the tumor is more than fortuitous. Although the basic 
physiopathology is unknown, the reduction in the degree of erythrocytosis 
in some cases following removal of the tumor suggests a cause-effect rela- 
tionship. We hope that the cases here reported will yield some clue to the 
mechanisms involved. 


I 1943, Carpenter and co-workers’ reported 2 cases of cerebellar hemangi- 


CLINICAL DATA 


Case 1. W.D., a 45-year-old white male, was admitted to the neurosurgery serv- 
ice on Nov. 3, 1952. 


While in the Army in 1941, the development of signs of increased intracranial 
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pressure and cerebellar dysfunction led to a diagnosis of cerebellar tumor. Ventric- 
ulography revealed an “internal hydrocephalus” and was followed by suboccipital 
craniectomy. No gross tumor was found. Following operation, the patient was re- 
lieved of his symptoms for 3 years. Symptoms recurred in 1946 and he then received 
2000 r of x-ray therapy to the posterior fossa. 

He was next seen in another hospital in 1947 with no change in his clinical pic- 
ture but with a red blood cell count of 5.38 million. One year later he was re-ad- 
mitted to that hospital with progression of his signs of cerebellar dysfunction and 
with a red blood cell count of 6.5 million. He was seen intermittently in the out- 
patient department until 1949. His discharge note read, ‘“‘The Tumor Board feels 
that there is a question of this man ever having had a tumor.” 

A rapid increase in his neurological deficits prompted admission to this hospital 
on Nov. 3, 1952. 

Examination. The physical findings supported a diagnosis of cerebellar neo- 
plasm. Lumbar puncture yielded clear, colorless fluid under a pressure of 264 mm. 
of cerebrospinal fluid. There were no cells; protein was 88 mg. per cent. Vertebral 
angiography revealed a diffuse vascularity of the posterior fossa suggestive of a 
vascular neoplasm. (Hematologic studies are reported in a later section.) 

Operation. On Nov. 19, 1952, a posterior fossa exploration was carried out. An 
extensive meningocele was encountered on the right and there were three smaller 
separate ones on the left. Upon exposure of the cerebellum, a large extremely vascu- 
lar tumor was occupying most of the posterior fossa and involving virtually the en- 
tire right cerebellar hemisphere. The neoplasm was gray and had numerous large 
tortuous venous and arterial channels whose major supply was not identified. Ap- 
proximately one-third of the tumor was excised from the inferior and lateral por- 
tions of the exposed mass. 

Postoperative Course. The patient exhibited no over-all improvement in his 
neurological deficits. He was discharged to a nursing home on Feb. 19, 1953. 

On April 2, 1953, he was returned to the hospital because of sudden coma. De- 
spite frequent periods of apnea, he responded to therapeutic efforts and was awake 
within 2 hours. However, from this point he deteriorated rapidly and died on the 
following morning. Cause of death was reported as aspiration pneumonia. 

Autopsy. The fresh brain showed a moderate amount of thin bloody subtentorial 
fluid. There was a firm irregular mass occupying the right cerebellar lobe and a num- 
ber of large tortuous veins along the right side of the brain stem and pons emerged 
from the mass. The remainder of the brain was grossly normal except for slight 
flattening of gyri and narrowing of sulci. 

After fixation, the neoplasm was found to occupy almost the entire right cere- 
bellar hemisphere. Some entering veins measured 4 to 5 mm. in diameter. On cut 
section, the most striking feature was the number of large vascular channels. The 
tumor was an admixture of grayish-white and reddish-brown tissue with scattered 
yellow foci, these latter presumably being xanthomas of “‘foam cells.” 

The microscopic picture was likewise characterized by striking vascularity. 
There were many thin-walled vessels of irregular shape with numerous sinusoids 
and venous lakes. The stroma showed two dominant characteristics—an amorphous 
eosinophilic matrix and packed masses of foam cells. Pathologic diagnosis: heman- 
gioblastoma (Fig. 1). 


Case 2. PY. a 32-vear-old white male Was a dmitted to the medica ] service on 
‘© 
April 10, 19 52. 


4 


250 A. A. WARD, JR., E. L. FOLTZ AND L. M. KNOPP 


The patient had experienced 2 months of vertigo and when seen by a private 
physician had a hemoglobin of 20.3 gm., hematocrit 64 per cent, red blood cells 9.52 
million, and white blood cells 12,250. Following four blood donations, these studies 
were repeated at which time his hemoglobin was 15.6 gm., and red blood cell count 
5.61 million. With the development of nausea and vomiting, he was sent to this 
hospital, where an additional history of progressive occipital headaches was elicited. 

Examination. Roentgenograms of the skull were normal. Lumbar puncture re- 
vealed clear, colorless fluid under a pressure of 290 mm. of water, containing 61 mg. 
per cent of protein. 

When seen in consultation on July 11, 1952, he had bilateral papilledema of 2 D. 
and bilateral nystagmus. (Hematologic studies are reported in a later section.) 


ah 


Fic. 1. Case 1. Microscopic appearance of tumor. ip iE and eosin stain, X240. 


Operation. On July 16, 1952, ventriculography and suboccipital craniectomy 
were done. Ventriculography showed a grossly dilated ventricular system including 
$rd_ ventricle and aqueduct. The aqueduct was occluded in its lower portion in a 
spindle-shaped manner, being displaced forward and to the right. At operation, an 
egg-shaped mass was found within the 4th ventricle, lving on the dorsal surface of 
the medulla and extending down to the level of C1. It had separated the cerebellar 
tonsils and pushed them superiorly and dorsally. The mass extended slightly to the 
left of the midline and well up into the 4th ventricle. The tumor was adherent to 
the floor of the 4th ventricle and the dorsal surface of the medulla and overlying 
cerebellum. It was dark red with many exceedingly large vessels on the surface. 
The blood contained in the vessels was all bright red. There were multiple vessels 
feeding the tumor, but the largest source of supply seemed to be from the region of 
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the left inferior cerebellar peduncle. Complete removal of the tumor was accom- 
plished. 

Postoperative Course. In the 2nd week after operation fever, stiff neck, and leth- 
argy developed. A cyst over the operative site had appeared, but evacuation showed 
it was sterile and apparently produced by retained necrotic tissue. The lethargy 
responded in dramatic fashion to anticholinergic therapy and an uneventful physi- 
cal convalescence followed. Behavioral difficulties necessitated the patient’s trans- 
fer to the psychiatric service, from which he was discharged on Dec. 19, 1952. 

At 1 year after operation, persisting cerebellar dysfunction could be elicited only 
on careful neurological examination. 

Pathology. On cut section the surgical specimen showed innumerable small and 


Fic. 2. Case 2. Microscopic appearance of tumor. Hematoxylin and eosin stain, X240. 


large vascular spaces. The surface of the nodule contained vessels as large as 0.5 cm. 
in diameter. There was a central cavernous space which appeared to communicate 
with other surface vessels. 

Microscopic section showed an admixture of large vascular channels, some of 
which had thin walls as though representing veins, and others with rather dense, 
compact muscular walls suggesting arterial origin. Between these larger channels 
were compact areas of proliferating young capillaries. In addition, a moderate num- 
ber of large vacuolated cells were seen suggestive of xanthoma cells. This composite 
picture was characteristic of hemangioblastoma (Fig. 2). 


HEMATOLOGIC STUDIES 


Adequate study of the blood picture in a patient with hematological 
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abnormalities requires more than a routine peripheral blood count. In an 
effort to study these cases as completely as possible, a number of determina- 
tions utilizing a variety of techniques were done. 

Peripheral blood counts were done frequently. Each patient had a total 
of 18 preoperative peripheral counts which included red blood cells, hemo- 
globin, hematocrit, white blood cells, bleeding time, clotting time, pro- 
thrombin time, platelet count and reticulocyte count. Sternal marrow exami- 
nations were done. Determinations of the arterial oxygen content, capacity 
and concentration were carried out in Case 1. The mean corpuscular values 
were also calculated. Unfortunately these latter two studies were not per- 
formed in Case 2. 

Blood-volume studies were carried out in both cases utilizing three tech- 
niques. The I'*! method is a plasma dilution method using tagged serum. 
Both Cr! and P® methods involve the use of tagged red blood cells which 


TABLE 1 


Case 1. Peripheral blood counts 


Red Blood Cells | 


Platelets 
(million) (gm.) | (percent) | | White Blood Cells - | (thousand) 
Preop. Postop. | Postop. iPr reop. Postop.. Preop. | | Preop. Postop. 
| 
High 7.09 6.57 21.7 18.2 | 66 57 9 ,300 8,100 310 235 
Low 5.77 5.32 | 18.2 16.5 | 59 | 7,700 5,500 167885 
Average 6.40 5.93 20.1 17.5 | 61 55 8,340 6,700 | 215 235 
Normal 6.0 15 | 


45 6 ,000-10,000 150-500 


are injected and later recovered in a blood sample and the red blood cell mass 
is calculated from these.!’ The Cr*! and P® methods are immediately compa- 
rable, agreeing within 1 per cent or less.’ The I'*! method, on the other hand, 
generally gives values that are 5 per cent or more higher than the other 
two methods. For this reason, the I'*! values are ignored in evaluating the 
results. 

Table 1 is a summary of the pre- and postoperative peripheral blood 
counts in Case 1. It will be noted that the only abnormalities are in the 
erythrocytes and that these values (red blood cells, hemoglobin, and hemato- 
crit) are reduced to nearly normal limits following operation. None of the 
postoperative figures is the result of blood depletion since continuous and 
adequate replacement was carried out during operation in each case. 

Bleeding, clotting, and prothrombin times and reticulocyte counts were 
normal. Arterial oxygen content, capacity and concentration of Case 1 were 
likewise normal. Examination of the sternal marrow revealed hyperplasia of 
moderate degree involving both erythrocytic and myelocytic series. 

Table 2 compares pre- and postoperative blood-volume determinations 
in Case 1. The principal preoperative abnormality is again in the erythro- 
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TABLE 2 


Case 1. Blood volume determinations 


Preoperative Postoperative Normal 


Method | Cr®! Cré | 

Average hematocrit 62.5% 59% | 47.3% | 45.5% 
Blood volume | 10,026 ce. 5,550 ce. | 4,450 cc. 4,960 ce. 
-acked cell volume 6,266 ce. 3,275 ce. 2,450 ce. 2 326 ce. 


Plasma volume 3,760 ce. 2,275 ce. 2,000 ce. 1, 634 ce. 


TABLE 3 


Case 2. Peripheral blood counts 
(18 preoperative counts; 32 postoperative counts) 


Red Blood Cells | Hemoglobin =| Hematocrit | White Blood Cells | Platelets 


| 

| (million) (gm.) | (percent) | | (thousand) 
| | 

| 


Preop. Postop. | Preop. Postop. |Preop. Postop. | Preop. Postop. | Preop. Postop 


High 7.95 6.30 19.4 15.8 63 51 13,900 9,700 | 979 
Low 5.29 4.62 | 15.3 13.2 ) 49 40 | 6,100 7,500 142 
Average 6.36 5.34 | 17.6 14.8 | 56 46.8 9,640 8,515 | 249 


Normal 6.0 15 | 45 | 6, 000-10 ,000 150-500 


TABLE 4 


Case 2. Blood volume determinations 


Preoperative Postoperative Normal 

Method ps ps pe Crt Cro! 
Average hematocrit 52.5% 59.6% 55% 49% 50% 45.5% 

Blood volume 4,777 ce. 3,798 ce. 4,090 ce. 3,150 ce. 3,140 ce. 4,960 ce. 

Packed cell volume 2,508 cc. 2,267 ce. | 3,150ce. 1,550 1,570 ce, 2 326 ce. 


Plasma volume 2,269 cc. 1,531 ce. 3,140 ce. 1,600 ce. 1,570 ce. 1,634 ce. 


TABLE 5 


Postoperative reductions in blood values 


Percentage Reduction 


Case 1 Case 2 
Average red blood cells 7.4% | 16.0% 
Average hemoglobin 12.9% 10.3% 
Average hematocrit (peripheral) | 9.9% | 16.4% 
Blood volume 19.9% 19.3% 
Packed cell volume 25.2% 25.0% 
Plasma volume 12.1% | 12.1% 
Average hematocrit (isotope) 19.8% 8.4% 
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cytes, and the postoperative levels show a normal range. The normal cited 
here is an average of figures for males.” 

Tables 3 and 4 give comparable data for Case 2. Once again the only ab- 
normalities are in the erythrocytes, the preoperative elevation of red blood 
cell count, hemoglobin, hematocrit and blood-volume values being reduced 
to normal following operation. This patient’s bleeding, clotting, prothrombin 
times and reticulocyte count were normal. The sternal marrow showed eryth- 
roid hyperplasia. 

Table 5 compares the changes in the blood picture following tumor ex- 
cision in both cases. Even though Case 2 had a complete tumor excision and 
Case 1 an incomplete tumor removal, the percentage reductions in the blood- 
volume values were almost identical for both cases while the postoperative 
reductions in peripheral counts were less marked. 


DISCUSSION 

Polyeythemia rubra vera frequently causes symptomatology of the cen- 
tral nervous system. In fact Loman and Dameshek"™ stated that “in poly- 
evthemia vera, symptoms referable to the head greatly outrank in incidence 
those relating to any other bodily system.” Sloan” reported in detail 4 cases 
of polveythemia with neurological symptoms. Lawrence ef al. found the 
most frequent symptoms of polvevthemia to be headache, dizziness, and vis- 
ual difficulties. These are often the symptoms of increased intracranial pres- 
sure. Hence, as Brockbank? pointed out, the differential diagnosis is often 
exceedingly difficult. In fact, some patients with polyevthemia have in the 
past had fruitless explorations for brain tumor® while others with antecedent 
polyeythemia have been found to have subdural hematoma,* parietal glio- 
blastoma,'’ or metastatic carcinoma of the frontal lobe.!* Oppenheimer! in 
1929 reported the case of a patient with polvevthemia vera who had a cere- 
bellar medulloblastoma at autopsy and in whom the polyeythemia was the 
only clinical finding. Still, the combination of brain tumor and polveythemia 
is a rare one. 

Beginning with Carpenter ef al.,> about 22 cases of posterior fossa hem- 
angioblastomas associated with an increase in absolute red blood cell count 
have been reported in the American literature.’ +5:?2!.2> Far more cases of 
hemangioblastoma without increase in red blood cell count have been 
noted.2-*151521.24 Although the incidence of this association is not known, it 
certainly occurs in less than 18 per cent of all cases of cerebellar hemangio- 
blastoma. 

The chief difficulty that arises in the evaluation of the published cases 
lies in the type of hematologic studies performed. The only case in which 
blood-volume studies were done was that reported by Carpenter ef al.’ This 
patient’s preoperative and postoperative values were similar to ours. Car- 
penter’s second patient as well as all the others reported had peripheral 
counts only. Cramer and Kimsey‘ discussed polvyeythemia in some of their 
cases, stating that in polycythemia the red blood cell count is above 5 million 
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for females and 6 million for males. Silver and Hennigar”! and also Woolsey” 
similarly diagnosed polveythemia in the absence of any additional studies. 
As has been pointed out, polycythemia vera is a specific hematologic abnor- 
mality which none of the reported patients exhibited. On the other hand, 
they all had erythrocytosis. 

The results of tumor removal in some of the reported patients had a dra- 
matic effect on the red blood cell count. Both patients discussed by Car- 
penter ef al.> had preoperative counts of 6.5 million red blood cells or higher 
with comparable values for hemoglobin and hematocrit. Following opera- 
tion, each patient had basically normal blood cell counts. Cramer and Kim- 
sev! noted an elevated red blood cell count in some of their patients who 
proved to have solid or vascular hemangioblastomas at operation. These 
blood values were reduced after tumor removal. Some of their patients with 
cystic hemangioblastomas had recurrences. Of these, 63 per cent had an ele- 
rated red blood cell count and at re-operation the tumor was found to be 
either solid or vascular. The blood values likewise were reduced in these 
vases following removal of the tumor. Woolsey’s®® patient had a normal red 
blood cell count after removal of a cerebellar eyst only, following which the 
count then rose to 7.89 million. Following re-operation for removal of an 
obvious hemangioblastoma, it fell to 4.75 million. Thus, removal of the 
tumor apparently causes a decrease in circulating red blood cells to normal 
or near-normal levels. This follows the removal of only the solid or vascular 
types of tumor. 

Both cases here reported had solid hemangioblastomas. Case 1 exhibited 
a postoperative decrease of 7.4 per cent in red blood cell count, 12.9 per cent 
in hemoglobin, and 9.9 per cent in hematocrit, while comparable reductions 
for Case 2 were 16.0 per cent, 10.3 per cent and 16.4 per cent respectively. 
The percentage reductions in blood-volume determinations were more strik- 
ing. There was a 25 per cent postoperative decrease in packed cell volume in 
each case, a 19 per cent reduction in blood volume, and plasma volume was 
decreased 12 per cent. The primary postoperative change was thus in the 
absolute number of erythrocytes. 

It is evident that “polveythemia,” as defined, is a misnomer in these 
sases. However, in common usage, “polyeythemia” refers merely to an in- 
crease in red cell levels and thus is semantically justifiable in describing the 
blood picture in such patients. However, we prefer the term “erythrocyto- 
sis.” 

The cause for the apparent relationship between erythrocytosis and 
posterior fossa hemangioblastoma is unknown. Four alternative explana- 
tions have been offered: 

a) An actual neurogenic focus for the regulation of erythropoiesis. Haynal 
and Graf" observed polyeythemia in 10 patients who had dysfunction of the 
hypophysial-hypothalamic system. They postulated that in cases of pos- 
terior fossa tumor, hydrocephalus caused by obstruction of the 4th ventricle 
produces hypothalamic dysfunction by pressure. This view, although not 
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completely shared, was felt to be the most likely by Carpenter et al.’ in 1943. 

b) The presence of extramedullary erythropoietic centers. In Lindau’s 
disease, the hemangiomata are not limited to the cerebellum. Tonning ef 
al. postulated that although the lesions seem to be attributable to a devel- 
opmental defect, there must also be a persistent alteration in tissue reac- 
tivity because new lesions may develop throughout life. They feel that the 
lesions “represent a fundamental persistent lack of integration between 
blood vessels and parenchyma.” The continued development of hemangio- 
mata in such organs as liver or spleen would thus be the source of the in- 
crease in circulating red blood cells. 

c) Erythropoietic centers are stimulated by a disturbance in oxygen bal- 
ance in the circulating blood caused by arteriovenous shunts in the tumor. 

d) The formation of erythroid elements in the tumor itself. Cramer and 
Kimsey! found that tissue culture of the tumor from one case suggested 
erythropoietic activity. Sabin?’ in 1917 described the production of vessels, 
plasma and red blood cells in the chick. The anatomical description of this 
developing tissue suggests the structure of the cavernous hemangioblastoma 
as described by Cushing and Bailey’ who were unable to demonstrate red 
blood cell formation in their series. In the cases that they studied, they men- 
tioned not one patient with increased red blood cell count. 

There are valid objections to at least three of these views. Erythrocy- 
tosis has not been reported in association with the general group of intra- 
cranial tumors, nor with other posterior fossa tumors. Thus it would be dif- 
ficult to implicate hydrocephalus with resultant pressure dysfunction of the 
hypothalamus. The possibility of extramedullary erythropoietic centers 
cannot be ruled out, but the disseminated lesions of Lindau’s disease are 
usually associated with the cystic hemangiomata. It will be recalled that ap- 
parently only the solid tumors are associated with erythropoiesis. This ex- 
planation thus does not fit the clinical observations. The arteriovenous 
shunt postulate is also unsupported by the evidence. Patients with primary 
intracranial vascular anomalies in which such a shunt exists do not exhibit 
an associated erythremia. Lawrence and co-workers" stated that there is 
no known anoxic stimulant to polyeythemia vera. 

The altered blood picture seen in these cases appears to be associated 
with only the solid hemangioblastomas, never the cystic variety. When the 
cystic type undergoes a change to solid type, erythrocytosis may apparently 
then develop. Such a discrete association suggests that the two are causally 
related. If so, then production of red blood cells by the tumor is the only 
one of the four suggested explanations that is tenable. 

Recent work by Borsook et al.,! Erslev,® and Grant and Root!” postulates 
the existence of a hormonal factor which has the property of stimulating 
erythropoiesis. In the experimental animal serum may be secured which, 
when injected into another animal, results in overproduction of red blood 
cells. 

It may be that some hemangioblastomas secrete such a hormonal factor 
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which exists in a sufficient concentration to stimulate erythropoiesis. If 
true, the removal of critical amounts of the tumor could decrease this hor- 
mone concentration below the point of erythropoietic stimulation with re- 
sultant decrease in blood counts. This explanation obviates the need for 
finding erythropoietic activity in the tumor itself. Thus cystic varieties of 
tumor would contain insufficient functioning secretory tissue to produce 
the necessary amount of hormone for overproduction of red blood cells. 
With a change to the solid state, the amount of secretory tissue increases 
and erythropoiesis increases. 

We must await further experimental studies to prove this hypothesis 
that the erythrocytosis associated with cerebellar hemangioblastoma is 
secondary to an erythropoietic hormone secreted by the tumor. 


SUMMARY AND CONCLUSIONS 


1. Two cases of posterior fossa hemangioblastoma (solid type) with as- 
sociated erythrocytosis are presented. 

2. Pre- and postoperative peripheral blood counts and blood-volume de- 
terminations reveal that the increased red count, hemoglobin, and hemato- 
crit are caused by an increase in erythrocytic elements only and that these 

values show a dramatic decrease following surgical removal of the tumor. 

3. In view of these additional data, it would appear that previous pa- 
tients reported as having polyeythemia did, in fact, have only erythrocy- 
tosis. 

4. It is postulated that the erythrocytosis associated with solid cere- 
bellar hemangioblastomas may be secondary to an erythropoietic hormone 
secreted by these tumors. 
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HE methods used in the treatment of arteriovenous malformations of 

the brain have recently been summarized by Norlén,’ who reported a 

series of 10 cases in which the lesion was totally excised. Falconer* 

and Bassett? have each reported several cases in which treatment consisted 

of occluding the arterial supply without excising the malformation. Jaeger® 

described a case in which he ligated the middle cerebral artery just distal to 

its origin from the carotid for a vascular malformation in the distribution of 

the middle cerebral. Occlusion of one or more afferent arteries was used by 

French and Peyton‘ in 3 patients with arteriovenous malformations in the 
region of the vein of Galen. 

Between March 1953 and February 1955, 9 arteriovenous malforma- 
tions of the brain were seen in the Department of Neurological Surgery at 
Walter Reed Army Hospital. Surgical treatment was performed in all cases 
and consisted of total removal in 6 with various other methods used in the 
remainder. All of these patients except 1 were examined postoperatively by 
carotid arteriography. The choice of the operative procedure varied de- 
pending upon several factors. 

In 2 of our patients, treatment consisted of occluding a single afferent 
vessel supplving the lesion. Arteriographic study showed the vascular mal- 
formations in these patients to be deeply seated in the frontal and parietal 
lobes where surgical approach directed at complete excision of the lesion 
would have resulted in extensive destruction of brain tissue. The blood sup- 
ply in each case was seen on the arteriograms as a single vessel readily ac- 
cessible for ligation. In the parietal lobe malformation (Case 1), this vessel 
was the terminal portion of the pericallosal artery. After ligation of this ves- 
sel, the possibility of some blood supply from the posterior cerebral still re- 
mained. However, we felt that the malformation was sufficiently removed 
from the distribution of the posterior cerebral to make this very improbable. 
The postoperative carotid arteriograms showed no evidence of filling in the 
malformation. The frontal lobe lesion (Case 2) was supplied by a large 
branch of the callosal marginal artery, and the arteriograms, following liga- 
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tion, showed slight mottling of contrast medium only in the late venous 
phase. This method of treatment appears in such selected cases to be effec- 
tive and obviates or minimizes the destruction of brain tissue that would 
result from total removal. 

Obstructive hydrocephalus is a common complication of arteriovenous 
malformations in the region of the third ventricle.! One such lesion (Case 9) 
was encountered in our series and the Torkildsen operation was used effec- 
tively in treatment. This particular patient presented a history of headache 
of 2 months’ duration with no neurological abnormalities except for bilateral 
papilledema. The ventriculograms were sufficiently indicative of a colloid 
eyst of the third ventricle to warrant surgical exploration. No evidence of a 
cyst was found, but a pulsating vessel estimated to be 3 or 4 mm. in diameter 
was clearly visualized passing transverse to the long axis of the ventricle 
just posterior to the massa intermedia. The vessel was doubly clipped. We 
felt this to represent unequivocal evidence of an arteriovenous malformation 
with block of the third ventricle and/or aqueduct of Sylvius. There was no 
evidence of the malformation on the postoperative carotid arteriograms; we 
presumed the lesion to be in the distribution of the posterior cerebral artery. 
The papilledema had almost completely disappeared at the end of the second 
postoperative week. Vertebral arteriograms were not made. Gillingham’ has 
reported treating an arteriovenous malformation of the midbrain with a 
ventriculocisternostomy. 

In their series of 48 patients with arteriovenous malformations, 24 of 
whom were operated upon, Olivecrona and Riives* cited 5 cases in which 
the external carotids were greatly dilated. They believed operative treat- 
ment was particularly hazardous when the external carotid contributed to 
the malformation. We encountered one particularly unusual case (Case 8) 
in which there were bilateral parietal lobe malformations in the parasagittal 
area, with the major portion of the blood supply being derived from tremen- 
dously enlarged external carotid branches on either side. The latter vessels 
produced two 7- to 8 mm.-wide channels in the skull on either side. The 
intracranial lesion communicated through a small channel in the skull with 
a pulsating angioma of the scalp overlying the region of the sagittal sinus. 
The intracranial lesions were completely excised after the preliminary liga- 
tion of the external carotid arteries. We feel the latter is an important meas- 
ure. 

Total removal was performed when the malformation presented on the 
convexity of the cerebral hemispheres, or when the lesion was below the sur- 
face but was accessible through the cavity remaining after the evacuation 
of an intracerebral hematoma which was the result of hemorrhage from the 
malformation. Four of our cases fall into the latter category. 

The following are summaries of our cases, together with preoperative 
and postoperative arteriograms. Unless otherwise noted, arteriograms were 
made with 35 per cent Diodrast injected percutaneously, using local anes- 
thesia. 
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CASE SUMMARIES 


Case 1. A 20-year-old man was admitted to Walter Reed Hospital on April 17, 
1953, with a history of headache beginning on March 17 followed shortly by loss of 
consciousness which lasted 3 days. Spinal puncture revealed a pressure of 200 mm. 
with grossly bloody fluid. The patient continued to complain of mild headache. 

Examination. The deep reflexes on the right side were slightly more active than 
on the left. Blood and urine were normal. Roentgenograms of the skull disclosed no 
abnormalities. 

Left carotid arteriograms on April 2, 1953 revealed a large arteriovenous mal- 
formation arising from the left pericallosal artery and located over the splenium of 
the corpus callosum (Figs. 1 and 2). Drainage appeared to be through the vein of 
Galen and the straight sinus. On May 4, 1953, a right carotid arteriogram was made 
showing some Diodrast in the malformation which was obtained from collateral 
circulation through the anterior communicating artery. 

1st Operation. On May 27, 1953, a left parietal craniotomy was performed with 


Figs. 1 and 2. Case 1. Anteroposterior and lateral preoperative arteriograms. 


application of clips to the vessel which was felt to be the pericallosal just proximal 
to the malformation. 

On the postoperative arteriograms the clips appeared just posterior to the mal- 
formation, probably on a branch from the posterior cerebral artery. 

2nd Operation. On June 19, 1953 a slightly more anterior craniotomy was per- 
formed and several clips were applied to the pericallosal artery after the vessel was 
definitely identified. 

Postoperative Course. The patient had slight numbness and weakness of the right 
hand which cleared completely within 2 weeks. Left percutaneous carotid arterio- 
grams on June 30, 1953 showed the left pericallosal artery proximal to the clip (Fig. 
3). The malformation was not visualized with contrast medium. 


Case 2. A 16-year-old woman was admitted to Walter Reed Army Hospital 
Jan. 5, 1954. Four days earlier she had experienced a subarachnoid hemorrhage with 
loss of consciousness which lasted for approximately 24 to 36 hours. Upon regaining 
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consciousness she complained of severe frontal headache. A spinal puncture 3 days 
after the onset of symptoms revealed grossly bloody fluid with pressure of 300 mm. 
Examination. The patient was drowsy but could be readily aroused. Her neck 
was moderately stiff and her left pupil was slightly larger than the right. There was 
a bilateral Babinski sign. Blood and urine were normal. Spinal fluid on January 6 
contained 600 red blood cells per ¢.mm. 
Left carotid arteriograms on January 6 showed, with contralateral compression 


Fics. 4 and 5, Case 2. Anteroposterior and lateral preoperative arteriograms. 


of the right common carotid artery, a vascular malformation in the right frontal lobe 
in the region near the tip of the right lateral ventricle (Figs. 4 and 5). A single 
artery passing from the right callosal marginal artery was feeding the malformation. 
The vessels on the left side of the brain appeared normal. 


4 
eae Fic. 3. Case 1. Lateral postoperative arteriogram. 
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Operation. Right frontal craniotomy was performed on Jan. 7, 1954, and the 
afferent artery passing to the malformation was ligated. 

Postoperative course was uncomplicated. A right carotid arteriogram on January 
24 showed no evidence of contrast medium in the malformation other than a slight 
degree in the venous and capillary phase (Fig. 6). The patient was discharged on 
Jan. 28, 1954. The neurological findings were normal except for slight increase in 
the reflexes of the left upper and lower extremities. It was felt that the arterial blood 
supply to the malformation had been obliterated and that there was no longer any 


danger from further hemorrhage. 


Case 3. A 36-year-old man was ad- 

mitted to Walter Reed Army Hospital 
on Jan. 29, 1955, several hours after the 
onset of severe headache, left hemipa- 
resis, and semicoma. A spinal puncture 
revealed grossly bloody fluid with pres- 
sure of 280 mm. 
Examination. The patient was in 
semicoma and responded painful 
stimuli with only a word or two. There 
were left hemiparesis and hypalgesia. 
Ilis temperature was 100°F., and pulse 
rate was 92. White blood cell count was 
18,500. There was a trace of albumin in 
the urine. The spinal fluid was xantho- 
chromic and contained 35 cells, 95 per 
cent of which were lymphocytes. 

Carotid arteriography was attempt- 
ed on Feb. 2, 1955, but the arteriograms 


Fic. 6. Case 2, Anteroposterior post- 
operative arteriogram 


Fias, 7 and 8. Case 3. Lateral preoperative and postoperative arteriograms. 
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were unsatisfactory because of the patient’s movements. On February 3, using 
general anesthesia, a right percutaneous carotid arteriogram was made and a large 
vascular malformation was found at the terminal portion of the right pericallosal 
artery (Fig. 7). 

Operation. A right parietal craniotomy was performed 1 to 2 hours after the 
arteriographic study. A large right parietal lobe hematoma was evacuated and the 
arteriovenous malformation was completely excised. 

Course. The day after operation the patient was well oriented but drowsy. The 
left hemiplegia was markedly improved, particularly in the left upper extremity. 
On February 11, the patient was allowed to be in a wheel chair and by February 23 
the strength and coordination of the left upper extremity had almost returned to 
normal. There was marked left-right confusion. By March 15, he was ambulatory. 
Arteriograms on April 29 showed good filling with no evidence of the malforma- 
tion (Fig. 8) and he returned to limited duty on May 1. At the time of discharge there 
was weakness in the left lower extremity which was most pronounced in the peroneal 
musculature. Two-point and position sense of the left leg were only slightly impaired. 
He walked well with a foot-drop brace. 


Case 4. A 29-year-old man was admitted to Walter Reed Army Hospital on 
July 17, 1954. Approximately 5 days earlier he had suffered sudden headache, 


Fias. 9 and 10. Case 4. Anteroposterior and lateral preoperative arteriograms. 


blurring of vision, and dizziness. Shortly after noticing a defect in the right visual 
field he lost consciousness for several hours. 

Examination. Spinal puncture revealed grossly bloody fluid. Left percutaneous 
carotid arteriograms on July 20 showed an arteriovenous malformation deep in the 
left parietal lobe (Figs. 9 and 10). This patient had had a left hemiplegia in 1941, 
which cleared over a period of several months. 

Positive neurological findings were a right homonymous hemianopsia with moder- 
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ate ideational apraxia and alexia. The 
deep reflexes on the right side were 
more active than on the left. Blood and 
urine were normal. 

Operation. On Sept. 3, 1954, a left 
parietal craniotomy revealed an old 
blood clot in the left parietal lobe which 
contained approximately 50 cc. of ser- 
ous sanguineous fluid. In the region of 
the glomus of the choroid plexus an an- 
giomatous malformation was found and 
completely excised. 

Postoperative course was uncompli- 
cated. By September 19, the patient 
was ambulatory. Arteriograms made on 
September 20 showed no evidence of 
the malformation (Fig. 11). At the time 
of his discharge from the Army he had a 


Fic. 11. Case 4. Lateral postoperative 
arteriogram. 


right homonymous hemianopsia and moderate alexia. 


Case 5. A 23-year-old male Negro was admitted to Walter Reed Army Hospital 
on Aug. 10, 1954. On July 13, 1954, headache had developed, with dizziness and 
confusion followed by loss of consciousness. Spinal puncture revealed grossly bloody 
fluid. He gradually regained consciousness over a 7-day period. 


Fig. 12. Case 5. Lateral preoperative arteriogram. 


Examination. There was marked weakness of the right upper and lower extrem- 
ities and he had moderate motor aphasia. Blood and urine were normal. 

Left carotid arteriograms on Aug. 24, 1954 were questionable. Arteriography 
was repeated on August 31 using the open technique, and a small vascular malforma- 
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tion in the superior temporal branch of the left middle cerebral artery (Fig. 12) was 
found. 

Operation. On Nov. 23, 1954, a left parietal craniotomy was performed and a 
cystic area, 3 to 4 cm. in diameter, in the posterior portion of the left’ temporal 
lobe was located. A small angiomatous malformation was encountered and com- 
pletely excised. 

Postoperative course was uneventful. On Jan. 3, 1955 the patient had only slight 
right hemiparesis and a mild expressive aphasia and he was discharged on Jan. 13, 
1955. 


Case 6. A 19-year-old woman was admitted to Walter Reed Hospital on Oct. 22, 
1954. In March 1954, while 43 months pregnant, she had experienced sudden left 
frontal headache with nausea and vomiting. Spinal puncture revealed grossly 
bloody fluid. Headache and mild confusion persisted for 2 weeks. She continued to 
have moderate pain in the left frontal area and below the left eye. Three weeks be- 
fore admission she experienced a generalized convulsive seizure. 

Examination. The patient had hypalgesia over the 2nd division of the left 5th 


Fies. 13 and 14. Case 6. Anteroposterior and lateral preoperative arteriograms, 


nerve. The right side of her face showed a supranuclear paresis.The right biceps and 
triceps reflexes were slightly more active than the left. Blood and urine were normal. 
Roentgenograms of the skull were normal. 

On Oct. 27, 1954 left carotid arteriography was attempted with the needle being 
inadvertently placed in the vertebral artery. With contralateral carotid compres- 
sion, the posterior cerebral circulation, bilaterally, and the right carotid circulation 
were all visualized and appeared normal. A left carotid arteriogram was made the 
following day and a large arteriovenous malformation in the anterior aspect of 
the left temporal lobe was located (Figs. 13 and 14). 

Operation. A left frontal temporal craniotomy was performed and the lesion was 
completely excised. 

Postoperative course was uncomplicated with no paresis of the right arm or leg. 
There was some slight hesitancy in speech for a few days but this cleared completely. 
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Fic. 15. Case 6. Lateral postoperative arteriogram. 


Arteriograms on Dec. 1, 1954 revealed the malformation to have been completely 
removed (Fig. 15) and the patient was discharged on Dec. 3, 1954. 


Case 7. A 29-year-old woman was admitted to Walter Reed Army Hospital on 
March 29, 1954. On March 19 sudden pain had developed in the top of her head 
followed shortly by loss of consciousness. The spinal fluid was bloody and a physical 
examination at that time revealed a left hemiparesis. She remained unconscious for 
about 24 hours. At the time of admission she was asymptomatic except for a 
mild headache. 


Fics. 16 and 17. Case 7. Lateral preoperative and postoperative arteriograms. 
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Examination. There were no neurological abnormalities except that reflexes of 
the right upper extremity were less active than the left. Blood and urine were nor- 
mal. Roentgenograms of the skull were normal. Spinal fluid protein was 147 mg. 
per ¢.mm. 

Carotid arteriograms on April 5, 1954 showed an arteriovenous malformation 
on the medial aspect of the right parietal lobe (Fig. 16). 

Operation. Craniotomy on April 13, 1954 revealed a large hematoma in the right 
parietal lobe, on the medial aspect of which was an arteriovenous malformation. 
The latter was completely excised. 

Postoperative course was uncomplicated. Arteriograms on April 28, 1954 showed 
the malformaton to have been completely excised (Fig. 17). Neurological findings 
were normal except for mild sensory impairment over the left upper extremity and 
the patient was discharged on May 3, 1954. 


Case 8. A 34-year-old woman was admitted to Walter Reed Army Hospital on 
Jan. 26, 1955. Eight years previously she had noticed a roaring in her head synchro- 
nous with the heart beat. This persisted and increased somewhat in severity. In 


Fics. 18 and 19. Case 8. Anteroposterior and lateral preoperative arteriograms. 


March, 1954, she had had a generalized convulsive seizure. Seizures occurred with 
increasing frequency following this, so that during December 1954 she was having 
one or two attacks daily. She was hospitalized at Ft. Campbell, Kentucky in the 
spring of 1954, where arteriograms showed an arteriovenous malformation, bilater- 
ally, in the parietal lobes. 

Examination. There was a loud bruit synchronous with the heart beat heard over 
all areas of the head but loudest in the region of the vertex. There was a pulsating 
mass 6 by 6 cm. over the posterior sagittal area of the head. The remainder of the 
neurological findings were normal. Blood and urine were normal. Roentgenograms 
of the skull revealed tremendously enlarged vascular channels of the middle menin- 
geal artery, bilaterally. These converged on either side into the posterior sagittal 
area. 

On Feb. 1, 1955, using general anesthesia and the open technique, bilateral in- 
ternal carotid and bilateral external carotid arteriograms were made, and vascular 
malformations on either side in the posterior and medial aspect of the parietal lobes 
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were located (Figs. 18 and 19). The malformations were irrigated by both the in- 
ternal and external carotid arteries on either side. The external carotid arteries were 
ligated shortly after the arteriographic study. 

Operation. On Feb. 8, 1955, biparietal craniotomy was carried out. The branches 
of the middle meningeal arteries on either side were approximately 8 mm. in size 
and were deeply embedded in the calvarium. Upon reflection of the dura mater on 
either side of the sagittal sinus, several large vascular channels passing between the 
branches of the middle meningeal arteries and the underlying malformations were 
clipped and cauterized. The malformation on the left was some 4 cm. in diameter 
with several large vessels passing into the sagittal sinus. The one on the right was 
somewhat smaller. Both malformations were completely excised. 

Postoperative course was uncomplicated. The patient had no more spells of light- 
headedness nor syncope up to the time of her discharge from the hospital. 

On Feb. 28, 1955, bilateral carotid arteriograms were made and the malformation 


Fic. 20. Case 8. Lateral postoperative arteriogram. 


was found to have been completely removed except for a slight pooling (3 mm. in 
diameter) of contrast medium in the left parietal area (Fig. 20). She was discharged 
on March 1, 1955 with no neurological abnormalities. 


Case 9. A 23-year-old woman was admitted to Walter Reed Army Hospital on 
Sept. 18, 1954. She had experienced biparietal headaches all her life. Two months 
before admission there was a rapid onset of a severe throbbing headache with occa- 
sional nausea. Two weeks before admission she had noticed a blurring of vision. 

Examination. There was papilledema of 3D. with several small linear hemor- 
rhages in the left fundus. Visual fields showed enlargement of the blind spots. Blood 
and urine were normal. Roentgenograms of the skull disclosed no abnormalities. 

1st Operation. On Sept. 23, 1954, ventriculography revealed marked symmetrical 
dilatation of the lateral ventricles with a filling defect in the posterior two-thirds of 
the third ventricle. A ventriculocisternostomy (Torkildsen) was performed on the 
same day. 

2nd Operation. Because the ventriculograms indicated a colloid cyst of the third 
ventricle, exploration was carried out on Oct. 5, 1954. There was no evidence of a 
colloid cyst, but a large vessel, estimated to be 4 mm. in diameter, ran transverse to 
the long axis of the third ventricle in the region just posterior to the massa inter- 
media. Two clips were placed on the vessel. 

Postoperative Course. The patient had a left hemiplegia after operation. On Oct. 
14, 1954 she had definite movement of her left upper extremity and by the end of 
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another 10 days she had almost regained normal function of the left upper and lower 
extremities. With contralateral carotid compression, a left carotid arteriogram was 
made on Nov. 3, 1954 which revealed normal circulation from the internal carotid 
arteries. She had been free of headache since a few days after the last craniotomy 
and her previous papilledema had almost completely cleared. She was discharged 
on Nov. 10, 1954. 
DISCUSSION 
The clinical course of arteriovenous malformations of the brain has been 
well documented by Olivecrona and Riives. There is a relatively high inci- 
dence of gross subarachnoid hemorrhage and intracerebral hematoma with 
secondary hemiparesis. The importance of performing arteriographie study 
the first day on patients with gross subarachnoid hemorrhage and hemi- 
paresis should be emphasized, since patients with an arteriovenous malfor- 
mation, complicated by intracerebral hematoma, need early surgical treat- 
ment. Four of our patients had intracerebral hematoma formation, and the 
removal of the clot in one was an emergency measure. The 9 patients com- 
prising this series have each been able to resume essentially the same ac- 
tivity as that engaged in before the onset of symptoms referable to the 
vascular malformation. 
SUMMARY 
1. Nine cases of arteriovenous malformations of the brain have been pre- 
sented. 
2. Treatment by ligation of a single afferent artery has been emphasized 
in 2 cases. 
3. Ventriculocisternostomy (Torkildsen) was used in a patient with 
vascular malformation of the third ventricle. 
4. Six arteriovenous malformations were totally excised. 
5. Preliminary ligation of the external carotid arteries is advisable when 
these vessels contribute to the blood supply of an arteriovenous malformation. 
6. Early arteriographic study should be carried out in suspected arterio- 
venous malformations, and in certain instances early surgical treatment is 
advisable. 
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HE metastatic potentiality of pineal tumors has been demonstrated by 

a number of isolated case reports. In 1911, Bailey and Jelliffet sum- 

marized the literature pertaining to pineal tumors since the first re- 
port by Blane in 1800. In none of these cases was the occurrence of meta- 
static spread mentioned. In 1925 Horrax and Bailey!® reported 2 cases in 
which there were metastases and it has been shown subsequently that 
tumors arising from the pineal body may extend beyond their site of origin 
by direct continuity, by seeding through the cerebrospinal fluid pathways, 
and, occasionally, through the blood stream. These reports have been sum- 
marized in Table 1. 

There are 3 reported cases of pineal tumors with extracranial metastases. 
Stowell ef al.*? described a patient with soft, nodular metastases in his lung. 
This patient had been subjected to a transcallosal exploration in an attempt 
to remove his tumor. It is of interest to note that this neoplasm was histo- 
logically identified as a chorionepithelioma, and the chorionic gonadotropin 
was elevated both in the urine and cerebrospinal fluid. Tompkins ef al.*! 
found metastases to the lung in 2 out of 13 cases of pineal tumors in which 
autopsy was performed. In 1 of their cases direct invasion of the straight 
sinus by the tumor was demonstrated. This patient had been explored 
through the right parieto-occipital cortex with incomplete removal of his 
lesion. He died 4 months postoperatively and pathologically this tumor was 
classified as a teratocarcinoma. In their second case the tumor was partially 
removed at surgery and was histologically identified as a pinealoma. This 
patient was given roentgen therapy to the posterior portion of the third 
ventricle. Ten months later a spastic paraplegia developed, and the cere- 
brospinal fluid at this time contained “fragments of necrotic tissue in which 
neoplastic cells were identified.”” Radiation was then given to the vertebral 
column, but the condition of the patient deteriorated and he died 6 months 
later. At autopsy tumor could not be identified at the site of the pineal body, 


* Presented at the meeting of the American Academy of Neurological Surgery, The Homestead, 
Hot Springs, Virginia, October 27, 1955. 
+ Now at Children’s Medical Center, Boston, Massachusetts. 
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and the structures in this region were replaced by arenaceous bodies and 
dense fibrous connective tissue. However, tumor was found in the lung and 
tracheobronchial lymph nodes. Examination of the spinal cord was not done. 
As will be noted, all reported patients with extracranial spread of their 
tumor had been subjected to direct surgical exploration. It is probable that 
this has plaved some part in allowing the malignant cells access to the blood 
stream. 

Spread by means of the cerebrospinal fluid pathways has been mentioned 
by Cushing’ who pointed out the similarity between the pinealoblastoma 
and the medulloblastoma stating that they are “akin... both in their mi- 
croscopic appearance and behaviour (e.g., in their tendency to seed them- 
selves in the floor of the third ventricle).”” Horrax and Bailey’ noted in 
their series of 12 cases that there was spread to the anterior part of the third 
ventricle or posterior fossa in 2. Russell and Sachs*’ reported that in 7 of 15 
cases at autopsy there were metastases to either the ventricles or the sub- 
arachnoid space. Baggenstoss and Love* reported a patient from whom a 
tumor, which was identified pathologically as a pinealoma, was removed 
from the suprachiasmatic region. Roentgen therapy was given to the head 
and the patient did well for 18 months at which time he began to have pain 
in his left leg. At laminectomy multiple tumor nodules, having the same 
histologic appearance as his cranial lesion, were found to be implanted about 
the cauda equina. 

The occurrence of spread of pineal body tumors is likely to be more fre- 
quent than may be inferred from the number of reported cases because of 
the lack of pathologic examinations of the spinal cord. It has been shown 
that examination for these metastases must be done histologically, as, on 
occasion, diffuse meningeal involvement that is not grossly obvious may 
occur." It is also possible that before the use of palliative roentgen therapy, 
many of these patients died quite promptly with increased intracranial pres- 
sure as a result of their primary tumor, and thus metastases did not have 
time to occur or were not clinically significant prior to death. As the lon- 
gevity of the patient is increased by decompression combined with roentgen 
treatment directed toward the primary lesion, an increased incidence of 
metastases may become apparent. The following cases are presented in the 
hope that a more general cognizance of this problem may lead to a more 
efficacious manner of therapy. 


CASE REPORTS 


Case 1. NCBH #185634. L.L., a 10-year-old white male, was admitted to the 
North Carolina Baptist Hospital on May 17, 1954. He had been in good health until 
10 months previously, when his appetite became poor, he began to lose weight, and 
he seemed to tire more easily. He then began to have polydipsia and polyuria. Seven 
months before admission he started having frontal headaches and aching pains in 
his legs and was admitted to another hospital for metabolic investigation without 
any definite conclusions being reached. The patient became continually weaker, and 
began to have vomiting associated with his headaches. Studies done 3 months prior 
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to admission showed the cerebrospinal fluid to contain 65 leukocytes (72 per cent 
mononuclear cells); protein 21 mg. per cent, sugar 48 mg. per cent. During the next 
2 months the patient became increasingly ataxic, and the vision in his right eve 
diminished. Because of his increasing neurologic deficit he was referred for further 
study. 

Examination. The patient was cachectic and appeared chronically ill and mal- 
nourished. He had intermittent periods of drowsiness, and it was difficult to sustain 
his attention for more than a few minutes at a time. The head was 21% inches in 
circumference and there was prominence of the frontal bosses. He had bitemporal 
baldness. There was no Macewen’s sign. There was moderate bilateral optic atrophy 
with a complete left temporal visual field loss and an incomplete right lower temporal 
field defect. Vision—O.D. 20/200; O.S. 20/50. Extraocular movements were normal. 
There was no ataxia of the extremities, but there was slight truncal ataxia. The 


Fig. 1. Case 1. Ventriculogram, brow-down position. Note mass presenting in posterior portion 
of the third ventricle with dilatation of the lateral ventricles. 


genitalia were small and left testis was undescended. There were no palpable testic- 
ular masses. 

Laboratory Findings. Urinalysis and blood counts were normal. Blood test for 
syphilis was negative. Tuberculin test was negative. Spinal fluid: pressure 160 mm.; 
134 leukocytes (98 per cent mononuclear cells); protein 85 mg. per cent; sugar 39 
mg. per cent. Roentgenograms of the chest were negative, and skull films showed no 
evidence of calcification above the sella turcica or in the pineal region. 

Hospital Course. The patient was prepared for 2 days with ACTH and cortisone 
because of the possibility of his having a suprasellar lesion, and on May 24, 1954 
ventriculography was performed. This showed dilatation of the lateral ventricles and 
the anterior portion of the third ventricle. Air passed readily between the two lateral 
ventricles. In the brow-down position a mass was demonstrated in the posterior 
part of the third ventricle, and air did not pass beyond this point (Fig. 1). 

Operation. The posterior fossa was explored with the intent of performing a 
ventriculocisternostomy. When the dura mater was opened, a pink-white fleshy 


1 - 


274 F. D. FOWLER, E. ALEXANDER, JR. AND C. H. DAVIS, JR. 


nodule was found adherent to the left cerebellar hemisphere. The fourth ventricle 
appeared to be completely normal. The lower end of the aqueduct of Sylvius was 
seen, and from it protruded a small tuft of tissue similar in appearance to that found 
on the cerebellum. The cerebellar nodule was quite superficial and easily removed. 
A soft #8 red rubber catheter was placed subcutaneously as a shunt between the 
right lateral ventricle and the cervical subarachnoid space and the wound was closed. 

Postoperative course was uneventful, and the patient was continued on gradually 
decreasing doses of ACTH and cortisone for 7 days. He was discharged on his 11th 
postoperative day, and was referred to the Charlotte Memorial Hospital for roentgen 


Fic. 2. Case 1, Photomicrograph of nodule removed from surface of left 
cerebellar hemisphere. Hematoxylin and eosin stain, X 660. 


therapy with a recommendation for total cerebrospinal axis irradiation. Treatment 
was given with 220 kV.; 0.5 Cu, 1.0 Al filter. The patient received an air dose of 
1800 r through each of 2 lateral ports directed to the region of the pineal body over a 
12-day period. He also received an air dose of 1700 r through each of 4 ports cover- 
ing the entire spinal column over a period of 18 days. 

The patient has now been studied for a period of 12 months and has shown gradual 
improvement. He has gained 15 pounds, but is still drinking up to 1 gallon of fluids 
a day. His appetite is good and he is free from headache. He is no longer ataxic, and 
there are no other cerebellar signs. At present his vision is 20/70 in both eyes, but 
there is still a temporal defect in the visual field of his left eye. 
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Pathology. NCB No. 54-2086 (Fig. 2). Biopsy from cerebellar hemisphere. The 
tumor is composed of cells showing a gradation in nuclear size. The smaller cells are 
about the size of a lymphocyte and have scanty cytoplasms. There are some inter- 
mediate-sized cells and numerous cells with large, heavily staining nuclei. In 
some of these a nucleolus is visible. Mitotic figures are not seen. There is a finely 
reticulated background produced by the cytoplasmic processes of these cells. There 
Is an occasional multinucleated giant cell. The vessels appear normal except for 
occasional perivascular clusters of the small cells. Diagnosis: Pinealoma. 


Comment. This patient exemplifies the spread of pineal tumors by means 
of the cerebrospinal fluid to other parts of the central nervous system. The 
presence of cells in the spinal fluid is of interest as it seems likely that a 
certain number of these may have been derived from the tumor itself. There 
is a morphologic similarity between the small cells of pineal tumors and the 
mononuclear cells of hematogenous origin, and it is probable that on routine 
examination of the spinal fluid the significance of this pleocytosis may pass 
unrecognized. Dorothy Russell?® considers the small cells as immature forms 
of the larger parenchymal cells, and hence the production of tumor implants 
from these cells seems quite plausible. 

This patient also had evidence of injury to the structures in the supra- 
sellar region. The early onset of diabetes insipidus in cases of pineal tumors 
has been noted by other authors.'°** This is occasionally caused by actual 
tumor implants in the anterior portion of the third ventricle, but it was felt 
that the ventriculogram adequately ruled out any significant mass in this 
location. It is more probable that these symptoms were secondary to the ob- 
structive hydrocephalus with ballooning of the lamina terminalis into the 
suprasellar region. It was because of the possibility of a lesion in this area 
that the child was given supportive therapy with ACTH and cortisone, as 
has been recommended by Ingraham ef al.?! This may have been helpful in 
this debilitated child as he withstood air studies and operation remarkably 
well. 


Case 2. NCBIL #139372. B.S., a 19-year-old boy, was first admitted to the North 
Carolina Baptist Hospital on Oct. 5, 1951. He complained at that time of headaches, 
nausea, vomiting, and diplopia of 8 weeks’ duration. He had difficulty reading fine 
print, and about 3 weeks prior to admission had noted numbness of the right side of 
his face. 

Examination. His pupils were dilated and reacted poorly to light. There was no 
ptosis of the eyelids and extraocular movements were normal. The blind spots were 
enlarged, but there were no visual field defects. There was severe bilateral papil- 
ledema. He had a slightly decreased sensibility to pin prick over the right side of his 
face. Reflexes and coordination were normal. There were no palpable masses in the 
testes. Genitalia were normally developed. 

Roentgenograms of the skull showed midline calcification in the region of the 
pineal body. On Dec. 7, 1951 the patient underwent ventriculography which demon- 
strated dilatation of the lateral ventricles and the anterior part of the third ventricle 
with a rounded mass presenting in the posterior portion (Fig. 3). There was no air 
seen in the fourth ventricle. Fluid removed from the lateral ventricles at this time 
contained 10 “mononuclear cells” per ¢.mm. 
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Operation. The posterior fossa was explored and the cerebellar tonsils were found 
to be herniated into the foramen magnum. There was no evidence of tumor in the 
cerebellum or fourth ventricle, but a catheter passed into the aqueduct of Sylvius 
met with an obstruction. A ventriculocisternostomy was done. 

Postoperative course was uneventful and the patient was discharged from the 
hospital asymptomatic to receive roentgen therapy on an outpatient basis. He was 
treated with 200 kV.; 50 cm. target distance; 58 r per min.; 1 mm. Cu filter; through 
4 seven-cm. ports, directed toward the posterior third ventricle, receiving 1000 r 
through each. 

2nd Admission, Feb. 3, 1952. The patient had done well since his discharge from 
the hospital except for occasional dull headache and some vomiting associated with 
roentgen therapy. He was admitted for re-evaluation and to have ventriculography 
repeated. On Feb. 4, 1952 a ventricular tap was done and the pressure in the lateral 
ventricle was about 30 mm. of cerebrospinal fluid. Three to 4 cc. of air were injected 


Fig. 3. Case 2. Ventriculogram, lateral view. The lateral ventricles are enlarged and there is a 
mass in the posterior portion of the third ventricle. Note also calcification in region of the pineal 
body. 


before the procedure was discontinued, but subsequent roentgenograms failed) to 
demonstrate the ventricular system. The patient was discharged, his condition 
essentially unchanged. 

3rd Admission, Oct. 20, 1953. Starting about 4 months prior to this admission, 
the patient noticed numbness of the backs of his legs. This gradually progressed 
until several days before admission when he sustained a severe burn of his buttocks 
while leaning against a steam radiator. 

Examination. The area of the posterior fossa decompression was flat. There was 
anesthesia over the L4 through $5 segments on the left, and hypesthesia over S2 
through 55 segments on the right. The left ankle jerk was absent. He had very poor 
anal sphincter tone. 

The spinal fluid contained 1,000 cells per ¢.mm. (98 per cent mononuclear cells): 
protein was 298 mg. per cent. A myelogram demonstrated a mass extending from L1 
through L3 (Fig. 4). 
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Operation. An upper lumbar laminectomy was performed, disclosing a pink-grey 
tumor about 8 cm. in length surrounding the roots of the cauda equina. Some of this 
was removed and the dura mater was left open. 

Course. Following surgery, the patient was on catheter drainage for 2 weeks, 
after which he was able to void satisfactorily. The sensory loss and reflex changes in 


Figs. 4 and 5. Case 2. (Left) Lumbar myelogram demonstrating the defect in the radio-opaque 
column extending from over the body of L1 to the body of L3. (Right) Cervical myelogram with the pa- 
tient in an almost vertical head-down position, showing the spinal block at the C5-C6 level. The silver 
clip shown is presumed to have come from previous operations either in the posterior fossa or lumbar 
region. 


his legs persisted. He was given a course of roentgen therapy, receiving 2970 r to 
the lower dorsal and lumbar spinal column. 

Following this therapy he returned to college and got along well. 

4th Admission, Aug. 10, 1954. Three weeks before this admission the patient began 
to have aching and stiffness in the muscles of his neck and shoulders, and tingling in 
his hands. For the last 5 days he had noted increasing weakness in his legs. 

Examination. He had hypesthesia up to the C4 level with hyperactive reflexes in 
his arms and right leg. There was generalized weakness of all muscle groups, espe- 
cially those of the shoulder girdle and right arm. The bladder was distended to the 
umbilicus. 
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Lumbar puncture revealed a complete manometric block. The fluid was xantho- 
chromic with protein of 725 mg. per cent and 107 cells per c.mm. These cells for the 
most part resembled mononculear cells, but occasional larger cells very similar to the 
pineal parenchymal cells were seen. A myelogram was done which showed a complete 
block at the C5—C6 level (Fig. 5). The oil passed freely over the T12-L4 area in 
which, prior to roentgen therapy, there had been a complete block. 

Operation. Cervical laminectomy was done on Aug. 11, 1954. The dura mater 
was full and bulging at the C4—C5 level and on opening it the leptomeninges were 
cloudy in several areas. The dentate ligaments were cut, and on moving the cord to 
the left a grey tumor was found anterior and lateral to the cord on the right. Biopsies 


Fig. 6. Case 2, Photomicrograph of the tumor taken from region of the cauda equina. 
Hematoxylin and eosin stain, X 660. 


of this were taken as well as a biopsy of the leptomeninges, and the dura mater was 
left open. 

Course. The patient regained strength slowly. He was started on roentgen 
therapy on his 7th postoperative day, beginning over the cervical region. He was 
given 2100 r to the cervical spine over a 6-day period, and an additional course 
through 2 oblique ports of 1800 r each after an interval of 1 month. The complete 
spinal axis was treated during this series, giving 2400 r to the thoracic spine and 2100 
r to the previously treated lumbar area. 

He responded well and left the hospital 6 weeks after operation. He was able 
to use his arms well and was able to walk for moderate distances unassisted. 
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The patient gradually regained strength in both arms and legs over a 7-month 
period. About this time he began to notice polydipsia and polyuria and within 3 to 
4 weeks he had an intake of approximately 10,000 cc. per day. Because of these 
symptoms he has been started on another course of radiation to the anterior portion 
of the third ventricle, and is also being treated symptomatically with pitressin 
tannate in oil intramuscularly. He has shown no evidence of any further difficulty 
from his spinal lesions. His shoulder girdle muscles are moderately weak, but the 
reflexes are normal and his sensory level is no longer present. 

Pathology. NCB No. 53-3863. Cauda equina tumor (Fig. 6). There are large 
cells with vesicular nuclei, some of which show one or two nucleoli. These cells have a 


Fic. 7. Case 2. Specimen taken from cervical leptomeninges. Note thickening of meninges and diffuse 
implantation with cells similar to those found in tumor removed at operation. Hematoxylin and eosin 
stain, 


moderate amount of cytoplasm. There are also smaller cells with hyperchromatic 
nuclei and scant cytoplasm. Strands of collagenous connective tissue extend about 
the blood vessels and around the more cellular areas of the neoplasm. Diagnosis: 
Pinealoma. 

NCB No. 54-3161. Biopsy of cervical tumor and cervical leptomeninges. The 
tumor resembles the original biopsy, but the large cells have more hyperchromatic 
nuclei and the lymphocytic elements are more abundant. The arachnoid membrane 
is infiltrated with numerous cells of both large and small types morphologically 
similar to those in the main tumor (Fig. 7). 
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Comment. On this patient’s first hospital admission a lumbar puncture 
was not performed because of the presence of increased intracranial pres- 
sure. It is interesting to note, however, that the ventricular fluid contained 
10 “monocytes.” On his 4th admission the cell count in the spinal fluid was 
elevated, and large cells similar to those seen in the pineal parenchyma as 
well as the small lymphoid cells were observed on smear. At operation, the 
biopsy of opaque areas in the cervical leptomeninges showed definite micro- 
scopic tumor implants. There is a substantial amount of evidence, therefore, 
that the medium of spread of the neoplastic cells was the cerebrospinal 
fluid. 

On each oceasion when this patient’s tumor has been treated locally by 
roentgen therapy there has been definite clinical evidence of improvement. 
Further indication of the efficacy of this treatment is given by the fact that 
the myelographic defect in the upper lumbar region noted in October 1953 
had completely resolved by the time myelography was repeated in August 
1954. 


Case 3. NCBH #181817. B.B., a 20-year-old girl, came to the North Carolina 
Baptist Hospital on March 4, 1954, complaining of headache, nausea and vomiting, 
blurred vision and staggering gait. She first noted trouble with her vision 1 year 
prior to admission, and 6 months later this became associated with generalized 
headache. As her headaches grew progressively worse she had nausea and vomiting. 
Her vision became steadily poorer, especially in the left homonymous field. For 2 
months she had noticed a numb feeling over the right side of her face and about this 
time her gait became ataxic with a tendency to stagger to the right. For 5 weeks she 
had been bedridden because of the severity of these symptoms. 

Examination. The patient was a young girl, fairly well nourished, but appearing 
chronically ill. Visual acuity was poor, and there appeared to be a left homonymous 
field defect. The fundi showed 4 D. of papilledema bilaterally with hemorrhages on 
and about the nerve head. The pupils were moderately dilated and did not react 
well to light or in convergence. Extraocular movements were normal. There was 
ataxia of the extremities, worse on the right than on the left. The reflexes were 
equal and active. Sensation was normal over the entire body. There was no evidence 
of a mass in the nasopharynx. 

Laboratory Findings. Urinalysis and blood counts were normal. Serologic exami- 
nation for syphilis was negative. Roentgenograms of the chest were normal. Skull 
films showed slight widening of the suture lines and erosion of the posterior clinoid 
processes. There were some stippled areas of calcification 3.5 cm. posterior to, and 
slightly above the sella turcica. 

Operation. On March 5, 1954, the patient underwent ventriculography. The 
intraventricular pressure was elevated, and roentgenogram demonstrated a mass in 
the posterior part of the third ventricle (Fig. 8). After this, a posterior fossa explora- 
tion was carried out. In exploring the fourth ventricle fluid was not observed to 
pass through the aqueduct of Sylvius. The vermis of the cerebellum showed two 
small pinkish areas of discoloration on its inferior aspect which were removed for 
pathologic examination. A rubber catheter was placed beneath the scalp, shunting 
the cerebrospinal fluid from the left ventricle to the cisterna magna. 

Course. The patient did well following surgery except for slight persistent nausea. 
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She was discharged on her 10th postoperative day and was referred to a radiologist 
near her home for therapy. She was given 3,000 r (in air) through each of 3 ports to 
the region of the posterior third ventricle and 2,500 r (in air) to each area of the spinal 
column. 

2nd Admission, March 29, 1955. The patient was getting along well except for 
occasional nausea which was well controlled with medication until 3 weeks prior to 
readmission, when she began to notice numbness over the right side of her face and 
body. She also had occasional spells of weakness of the right arm and leg. 

Examination. She had horizontal nystagmus on right lateral gaze and weakness 
of the left lateral rectus muscle. There was hypalgesia over the right side of the face 
with right peripheral facial weakness. There was hypalgesia over the right side of 


Fic. 8. Case 3. Ventriculogram, brow-down position. Note mass with stippled calcification in 
posterior portion of third ventricle. 


the body which faded out at about the T2 level. Deep tendon reflexes were increased 
in the right arm and leg. Roentgenograms of the skull showed a marked increase in 
the calcification in the region of the pineal and midbrain. 

A myelogram was done to check on the possibility of a cervical metastasis as a 
cause for the peripheral neurologic findings. This was normal to the upper cervical 
region. It was therefore concluded that the patient probably had extension of her 
tumor locally into the thalamic region and possibly into the posterior fossa. She was 
then discharged to receive further roentgen therapy to these regions. 

3rd Admission, May 3, 1955. The patient returned to the Outpatient Depart- 
ment on the day of admission for a follow-up visit after 11 roentgen treatments. She 
was feeling better except for slight headache and occasional “weak spells.”” She had 
not noted much change in the numbness of her extremities, but her facial weakness 
was definitely improved. Before leaving for home she said she had a headache and 
felt quite faint, and because of this she was readmitted to the hospital. 

Examination. She showed moderate right facial weakness as well as some loss of 
hearing in the right ear. There was no evidence of papilledema. She still had a left 
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lateral rectus weakness. There were ataxia and weakness of the right hand. Deep 
tendon reflexes were increased on the right. There was still a suggestion of a sensory 
level in the upper thoracic region on the right, but this was not as well demarcated 
as on the previous examination. 

Course. The patient was given a high protein diet and bed rest for several days. 
During this time she appeared to be much improved and she was discharged to 
continue her roentgen treatment. Further roentgen therapy was given to the pos- 
terior fossa during June 1955, but because of the patient’s continued downhill course 


Fig. 9. Case 3. Photomicrograph of cerebellar biopsy. Hematoxylin and eosin stain, X 570. 


and the difficulties associated with her being taken to the radiotherapist, this could 
not be consistently followed. A right facial weakness of peripheral type developed, 
associated with subjective hypalgesia of the right side of the face. It was considered 
clinically that she showed evidence of a progressive lesion in the right cerebello- 
pontine angle. 

She died at home on Aug. 12, 1955. An autopsy was performed by Dr. S. 5S. 
Hindman of Waynesville, N.C. The brain was removed and delivered to Dr. 
Martin Netsky. The spinal cord was not removed. The general postmortem exami- 
nation showed no evidence of primary or metastatic tumor. 

Dr. Netsky reviewed the original specimen of tumor taken from the cerebellum at 
operation and concurred in the diagnosis of pinealoma. On examining the brain he 
remarked that there was very little neoplasm remaining in the specimen. A small 
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portion of this was seen just behind the collicular plate, where it extended as a finger- 
like projection into the leptomeninges. There were extensive areas of destruction of 
the cerebellum and brain stem, presumably secondary to the radiation therapy. 

Pathology. NCB No. 54-893. Biopsy of a nodule from the surface of the cere- 
bellum (Fig. 9). There are masses of large cells showing some variation in size. The 
nuclei of these cells are vesicular and nucleoli are present. There are some areas of 
smaller, hyperchromatic cells which are not intermingled with the large cells. 
Special stains showed no evidence of reticulin being laid down by the tumor. 
Diagnosis: Pinealoma. 


Comment. Admittedly the histologic picture of the tumor could have 
suggested other types of neoplasm such as nasopharyngeal lymphepitheli- 
oma or dysgerminoma. There was neither clinical nor postmortem evidence 
of primary tumor elsewhere. The increasing calcification in the pineal region 
in more recent roentgenograms gives further positive evidence of the nature 
of this tumor.’ It is unfortunate that the postmortem examination performed 
elsewhere did not include the spinal cord. The very striking changes in the 
cerebellum, apparently secondary to roentgen therapy administered at our 
request, and the small residual tumor present in the pineal region bear ade- 
quate evidence both to the effectiveness of such therapy to this pinealoma 
and to the possible destructive effects on normal nervous tissue. Since there 
was no evidence of increased intracranial pressure clinically before her death 
or at postmortem examination, it is possible that the effect of roentgen 
radiation on the brain stem and midbrain may have contributed to her ter- 
minal course. 

DISCUSSION 


From the cases reported in the literature was well as the 3 cases sum- 
marized in this paper, it has been shown that tumors of the pineal body 
have a definite abilitv to metastasize within, and occasionally outside of the 
central nervous system. It has not been determined whether certain types 
of tumor have a greater propensity in this regard than others. This is at- 
tributable in part to the variations encountered in the pathologie classifi- 
cation of these lesions, and in part to the fact that many of them are treated 
by irradiation without a pathologic specimen being obtained. 

Pathologically, tumors arising in the pineal region show much variation 
in their histologic structure. Some observers” feel that in spite of this, these 
lesions fall into one neoplastic group, reflecting in their cellular constituents 
some stage in the embryologic development of the pineal body. Russell,”° 
however, believes that although neoplastic transformation of pineal cells 
may rarely occur, the majority of tumors arising in this region are actually 
teratomas or teratoid growths. She stated that there are morphologic dif- 
ferences between the normal pineal cells and those of the pineal tumors. She 
also found that serial sections of most “pinealomas” show cellular elements 
that would more properly classify them as teratomas, and that most tera- 
tomas arising in the pineal region have areas showing typical pineal struc- 
ture. Walton*’ gave further support to this theory in his report of a case of a 
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typical teratoma of the pineal body which seeded into the hypothalamic re- 
gion and in this location took the form of a teratoid growth with pinealoma- 
tous areas. Occasionally these lesions are immature enough to warrant 
classifying them as chorionepitheliomas.*? McGovern” has grouped pineal 
tumors under five headings: pinealoblastoma, pinealocytoma, ganglioneu- 
roma, glioma, and teratoma (which he considers to be the most common tu- 
mor of the pineal region). Several cases have also been reported of diffuse 
involvement of the ependymal surface without the presence of a primary 
tumor in the region of the pineal body." **.?* Russell explained this by stating 
that because most pineal body tumors are teratomas they may closely re- 
semble teratomas arising from other sites within the brain. It is the feeling 
of some,”’* however, that true ectopic pinealomas may occur. Despite the 
variance in these opinions it is known that teratomas, chorionepitheliomas, 
pinealoblastomas, and pinealocytomas may metastasize by means of the 
cerebrospinal fluid. These represent the majority of tumors arising in the 
region of the pineal body. 

Attempts at surgical extirpation have been carried out in the past but, 
in general, the results of such operations have been quite disappointing.!°.?° 
Because of the high mortality associated with direct surgical attack, the 
more generally accepted method of management at present is to relieve the 
increased intracranial pressure by ventriculocisternostomy,*® subtemporal 
decompression,'*® or third ventriculostomy,*! followed by roentgen therapy 
to the posterior portion of the third ventricle. When these methods of treat- 
ment are used, the exact histology of the neoplasm usually is not known. 
This is in opposition to the well-founded rule of not giving radiation to a 
lesion of undetermined pathology, but even biopsy of a tumor in this region 
may have fatal consequences, and from the patient’s standpoint a more con- 
servative, albeit blind, approach is frequently more satisfactory. 

The potent effect of radiation on these tumors is well exemplified by our 
Cases 2 and 8, as well as Case 2 of Tompkins et al.** in which a tumor in- 
completely removed at surgery was irradiated postoperatively and at post- 
mortem examination was found to have been completely destroyed. Hor- 
rax'’ reported a series of 22 pineal tumors, 14 of which had been verified by 
operation or autopsy. The other 8 were diagnosed on the basis of neurologic 
and ventriculographic findings. Of 10 patients who had gross operative re- 
moval, 3 were living 10, 5 and 3 years after operation. These 3 patients had 
also been given postoperative irradiation to the pineal body (a fact that 
may have some bearing on their survival). Of the 12 patients who received 
only decompression or biopsy and radiation therapy, 7 were alive 2 to 15 
years later, and one other patient was living 3 months after therapy. Four 
of these conservatively treated patients died within a few days to 1 year fol- 
lowing operation. Horrax feels on the basis of his experience with these 
tumors that the results obtained with decompression and irradiation are 
superior to those with radical surgery. 

Because a variety of tumors of the pineal region may spread via the 
cerebrospinal fluid pathways, it suggested that even though a definite micro- 
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scopic diagnosis can rarely be made prior to treatment, total irradiation of 
the central nervous system might be advisable in those patients showing a 
mass lesion in the posterior third ventricle. This would seem to be a more 
rational approach than awaiting the clinical appearance of metastases (as 
in Case 2) and then treating each of these recurrences individually. It is en- 
tirely possible that cells may shed from an untreated and clinically un- 
detected metastasis, and thus diffuse spread of the tumor will occur back 
into areas previously treated by X-ray. 

Various methods have been suggested for the complete irradiation of the 
central nervous system. The most generally used is the multiple port tech- 
nique. More recently, the use of a single spade-shaped field covering the 
entire cerebrospinal axis has been suggested for the treatment of medullo- 
blastomas.”° This could be used in conjunction with supplementary ports to 
the head to very good advantage in the therapy of pineal tumors. Work has 
also been done on the use of intrathecal radioactive colloidal gold,” but this 
has not been investigated sufficiently to justify its clinical use at present. 
From the cases tabulated in Table 1 it would seem especially important to 


TABLE 1 


Previously reported pineal tumors with metastases 


Author Site of Metastasis 


-athology 


Horrax and Bailey'® 1925 


Case 2 Meninges over surface of cerebel- Spongioblastoma 
lum, and about brain stem 
Case 4 Floor of 3rd ventricle Pinealoma 
Berblinger® 1925 Cauda equina Pinealoma 
Fulton and Bailey" 1929 
Case 5 Hypophysial stalk and optic nerves Pinealoma 


Cairns and Russell? 
Case 1 


Alajouanine et al.? 1934 


Stringer* 1934 


Friedman and Plaut® 1935 


Alajouanine et al.! 1937 


Van Gehuchten and 


Callewaert® 1937 


Spinal metastases 


Third ventricle and implants along 
cord with areas of intramedullary 
invasion 


Tuber cinereum 


Cauda equina and diffuse spread 
over cranial nerve roots 


Posterior 3rd ventricle and 4th 
ventricle; seeding over surface of 
3rd and lateral ventricles, olfactory 
bulb; spinal cord and nerve roots 
diffusely involved 


Third and lateral ventricles 


Unclassified glioma 
Neurospongioma (medulloblasto- 
ma) originating in pineal region 
Pinealoma 

Pinealocytoma (a primary tumor 
was not found in region of epiphy- 


sis) 


Pinealoma 


Pinealoma 
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Author 


Year 


TABLE 1—Continued 


Site of Metastasis 


Mackay** 


Werner*® 


Russell and Sachs*® 


Dublin"! 


Stowell et al. 


Horrax and Wyatt? 
Case 1 


Case 2 
Case 3 
McGovern” 
Case 2 


Case 4 


Walton*? 


Baker and Rucker® 


Tompkins et al.* 
Case 1 


Case 2 


Rand and Lemmen?? 
Case 2 
Case 3 


3 cases 


Ray?’ 


Baggenstoss and Love® 1939 


1939 


1939 


1943 


1945 


1947 


1949 


1949 


1950 


1950 


1953 


1953 
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-athology 


Suprachiasmatic region and lum- 
bar spinal canal 


Diffuse ependymal involvement 


Diffuse meningeal and ependymal 
involvement 


Seven out of 18 cases showed 
spread into subarachnoid spaces or 
ventricles 


Microscopic dissemination over 
surfaces of cerebrum, cerebellum, 
and spinal cord 


Third ventricle and lung 


Microscopic invasion of posterior 
lobe of pituitary and ependyma 
Suprachiasmatic region 
Suprachiasmatic region 


Third ventricle 
Third ventricle 


Hypothalamic region 


Optic chiasm (found at operation) ; 
spinal cord (progressive paraplegia 
developed later, presumably caused 
by same tumor). No autopsy 
ported 


re- 


Centrum ovale, straight sinus, and 
lung 

Spastic paraplegia developed 6 
months before death. Lung and 
tracheobronchial lymph nodes (spi- 
nal cord not examined at autopsy) 


Region of optic chiasm 

Optic nerves and septum pelluci- 
dum 

Spinal cord involvement indicated 
by radicular symptoms and signs 


Ependymal lining of ventricles, 
right internal capsule, posterior pi- 
tuitary and infundibular stalk 


Pinealoma 


Pinealoma 


Pinealoma 


Pinealoma 


Pineal ependymoma 


Chorionepithelioma 


Pinealoma 


Pinealoma 
Pinealoma 


Pinealoblastoma 
Pinealoblastoma 


Primary: teratoma; metastasis: 
atypical teratoma with pinealoma- 
tous regions 


Pinealoma 


Teratocarcinoma 


Pinealoma 


Pinealoma 

Ectopic pinealoma (pineal body 
normal histologically) 
Posterior 3rd__ ventricle 
shown by ventriculogram 


tumor 


Pinealoma (pineal body not present 
at autopsy) 
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give adequate treatment to the region of the third ventricle, the suprachias- 
matic structures, and the cauda equina as these appear to be the most fre- 
quent sites of metastasis. 


SUMMARY 

Three cases have been presented illustrating the potentiality of tumors 
originating in the pineal region to metastasize via the cerebrospinal fluid. 
Literature pertaining to the spread of pineal tumors by various routes has 
been reviewed, and the implications relating to the therapy of these neo- 
plasms have been outlined. It is suggested that these tumors be treated by 
operative decompression followed by irradiation of the complete cerebro- 
spinal axis. 


The authors wish to acknowledge the assistance of Dr. Martin Netsky, Professor 
of Neuropathology, Bowman Gray School of Medicine, in reviewing the pathologic 
material presented in this paper. 
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Instituto de Neuropediatria, Hospital Municipal de Infancia, Habana, Cuba 


(Received for publication January 12, 1956) 


NCREASING reports of promising results following shunt operations in the 
I treatment of hydrocephalus make worth while the report of a technique 

that has been used on our service during the last 4 years with relatively 
good results. The frequent complications that follow the usual subarach- 
noidal-peritoneal shunt by placing the catheter in the right lower quadrant 
led us to try different procedures, and finally to place the catheter in the retro- 
omental space. 


TECHNIQUE 


Under local anesthesia or, better, intratracheal ether, the patients are placed 
face down on the operating table and the legs are elevated until the lumbar spine is 
above the level of the head. Children should be firmly fastened to the table (Fig. 
1A). 

A vertical incision is made centering in the spine of L3, and extending to L4 and 
L2 (4 em. long in babies and longer in adults). After reflecting the spinal muscles, 
laminectomy of L3 is carried out (Fig. 1C). 

Two parallel threads are placed in the dura mater, including the arachnoid 
membrane on it. In order to catch the arachnoid in the stitch, an assistant presses on 
the fontanel or raises the head of the patient for a moment, and the increased cere- 
brospinal fluid pressure in the lumbar sac will bring the arachnoid against the dura 
mater. Incision of the dura mater and arachnoid is made exactly between and parallel 
to the threads and not longer than 0.5 cm. A polyethylene tube (not smaller than 0.3 
cm. diameter) is placed caudally in the subarachnoid space at a depth of approxi- 
mately 3 cm. A lateral hole may be placed in the tube about 1 em. from its end. The 
threads are tied tightly around the tube (Fig. 2B). 

A second incision about 5 cm. long is carried out just above the last rib and 
following its direction, starting halfway above the spinal muscles. If the last rib is 
long, a fragment of it should be removed (usually no more than 3 em.) in order to 
facilitate exposure, otherwise the incision of muscle and fascia follows the lower 
edge of the rib. After exposing the renal fat, further dissection is carried out direct- 
ing attention mesially rather than laterally in the cavity. With wet gauze and re- 
tractors the renal fat is pushed down and detached from the diaphragm until the 
liver is exposed. Usually, under the lower face of the liver the peritoneum is visual- 


ized. It can be picked up with a forceps, and opened for a distance of no more than 
2 cm. (Fig. 2A, C). 
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At this point, with a long pointed forceps, a track is made through the spinal 
musculature and the catheter is brought through it into the abdominal cavity, 
taking care to avoid acute angles by sectioning tendinous and muscular insertions 
until a smooth curve is obtained. Some air bubbles are permitted to remain in the 


Fig. 1. (A) Position of patient for surgery. (B) Final placement of the catheter. (C) Incisions. 


catheter in order to repeatedly reaffirm the permeability of the catheter by raising and 
lowering the patient and observing the motion of the air bubbles. 

The peritoneal end of the catheter is placed into the peritoneal opening under 
the liver, being careful to direct the catheter mesially and not in a lateral direction. 
A purse-string closure is made around the catheter and again the flow of cerebro- 
spinal fluid is checked by watching the air bubbles move when the pressure of the 
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cerebrospinal fluid is increased. Closure in layers is then carried out (Fig. 1B). 
The patient is kept in the head- and face-down position for 1 week after surgery. 
Then, gradually the patient is turned up and the mother is instructed about the 


C. 


Fic. 2. Anatomical diagrams of (A) transverse and (C) sagittal views of the catheter 
in place. (B) Detail of the dural stitch. 


possibilities of hypotension (vomiting, headache, sunken fontanel), and the way to 
treat it by bringing the head down. We have not seen symptoms of severe hypoten- 
sion lasting more than a month after surgery. 
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COMMENTS 


In Table 1 we have compared our experiences with peritoneal shunts in 
infants. With the anterior-peritoneal technique our main difficulties have 
been: 


(A) Obstruction of the tube by 


(B) Cerebrospinal fluid fistula caused by 

(C) Others 


The great majority of the difficulties with obstruction of the tube and 
formation of a cerebrospinal fluid fistula may be overcome by improvement 


TABLE 1 


Effects of peritoneal shunts for treatment of communicating hydrocephalus in infants* 


Anterior-Peritoneal Shunt 


Posterior-Peritoneal Shunt 


Arrested 11 cases Arrested 9 cases 
Complications 5 Complications 2 
Reoperations 3 Reoperations 2 

Not arrested 12 cases Not arrested 1 case 
Reoperations 2 Reoperations 0 
Operative deaths 5 Operative deaths 0 


Total 23 cases Total 10 cases 


* Follow-up period 12 to 50 months. 


in operative technique. In fact, most fistulas were recorded in our first ex- 
periences with peritoneal shunts and none has occurred in the last 23 pa- 
tients operated upon. The 3 infected patients suffered from spina bifida and 
without doubt they were already contaminated when plastic repair of the 
defect and peritoneal shunt procedure were attempted in one stage. 

Sudden death within the first 24 hours was an early experience with 
these procedures. In 2 of the patients no abnormality was found at necropsy. 
These fatalities, as well as the complication of early postoperative convul- 
sions, were presumed to be related to postoperative cranial hypotension and 
have led us to keep the patient’s head down for many days following sur- 
gery. In 1 patient affected with severe spina bifida in whom a peritoneal 
shunt had been carried out 2 years previously, symptoms of progressive flac- 
cid brachial palsy developed bilaterally. The hydrocephalus was under con- 
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trol, and the paralysis was thought to be related to an Arnold-Chiari mal- 
formation. Unfortunately, the patient never returned for further recheck ex- 
aminations. 

One of the most difficult complications to overcome has been plugging 
of the tube by the omentum or by fibrinous adhesions. Largely, the same 
difficulties led Scott et al.? to carry out 67 operations in 82 infants. Spitz and 
Koop’ improved their results by removing the omentum and using a lucite 
peritoneal button. Jackson! with a rather long experience lately has been 
placing the tube above the liver trying to overcome the same difficulties. 

We have 10 cases in which operation was performed by the posterior- 
peritoneal technique. The patients have been followed from 12 to 50 months 
postoperatively. Nine have shown a definite arrest in their hydrocephalus 
and the only failure was a patient who died because of diarrhea and a lumbar 
cerebrospinal fluid fistula. Only 2 patients required reoperation: one 7 days 
after surgery, because the lateral hole of the catheter slipped out of the dura 
mater, and the other 11 months after surgery because of fibrinous plugging 
of the peritoneal end. There has been no difficulty with the omentum thus 
far. 

The advantages of the above-described procedure appear to be: (i) The 
entire procedure is performed in the face-down position. (ii) The shorter dis- 
tance between spine and peritoneum. (iii) Avoidance of the omentum. (iv) 
Protection of the tube within the muscle. 

The postero-anterior placement of the tube in the shape of a curve with 
lower concavity, makes less likely the possibility of displacement by the 
growth of the child. The growth in thickness is considerably less than it is in 
height. 

It is difficult to state if actually we have been placing the catheter into 
the retro-omental space (behind the stomach) in all cases. However, the re- 
sults with the posterior-peritoneal technique in this short period of observa- 
tion appear to warrant further trials and developments. 

SUMMARY 

A technique for posterior-peritoneal (retro-omental?) shunt for the treat- 
ment of communicating internal hydrocephalus is described. 

Of 10 patients in whom this procedure was tried, 9 showed arrest of hy- 
drocephalus during 12 to 50 months, and only 2 needed revision. 

Comparative data are given for the anterior-peritoneal shunt. 

I wish to express my appreciation to Dr. Henry W. Dodge, Jr. for his kindness in 
reviewing the manuscript. 
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CASE REPORTS AND TECHNICAL NOTES 


SUCCESSFUL TREATMENT OF AN ANEURYSM OF THE 
ANTERIOR COMMUNICATING ARTERY 
Eminio Ley, Jr., M.D.* 
Madrid, Spain 


(Received for publication December 1, 1955) 


Among the various types of intracranial aneurysms, saccular aneurysms of the 
anterior communicating artery deserve special consideration. Because of their loca- 
tion at a crucial point of the circle of Willis, rupture is particularly dangerous and 
treatment is hazardous. A review of the literature reveals that relatively few in- 
stances of aneurysms in this location have been successfully treated. By “successful” 
I mean that not only is good recovery obtained after one or several subarachnoid 
hemorrhages have occurred but subsequent bleeding is avoided. This can be ac- 
complished with certainty only by the complete isolation of the aneurysmal sac 
from the blood stream. Two procedures assure this goal: one is to occlude with clips 
or tie the neck of the aneurysm with a silk ligature, and the other is “trapping” of 
the aneurysm. For aneurysms of the anterior communicating artery, the procedure 
of “trapping” seems very difficult, as pointed out by Poppen' among others, be- 
‘cause the artery is extremely short. Ligature of the neck of the aneurysm un- 
doubtedly is the ideal method, as Norlén*:’ has recently stressed. His reports indicate 
that the neck can be clipped in quite a number of cases, disproving previous ideas 
that this procedure is almost impossible. 

In a survey of the pertinent literature, 39 cases of aneurysm of the anterior 
communicating artery treated by the intracranial approach were found in which 
detailed description was given of the procedure performed.'~7:'°:8 In 4 of the 39 cases 
the operation was limited to exploration of the lesion or evacuation of an intra- 
cerebral hematoma; the aneurysm itself was not treated.6"’ IT have not included 
in the 39 cases 8 patients in whom both anterior cerebral arteries were occluded; 5 
of the 8 died and the condition of 2 who recovered remained severely impaired.‘ ® 
These cases were excluded because the extensive procedure unquestionably was 
performed under unexpected circumstances as a life-saving measure. Thirty-five 
of the 39 patients were treated by all the known methods but in only 23 cases was a 
definitive procedure accomplished. Eighteen of these 23 cases were reported by 
Norlén: in 17 the neck of the aneurysm was ligated with 1 casualty, and in 1 “‘trap- 
ping” was performed, resulting in death. Of the remaining 5 patients, 2 died (2 of 
these patients had ligatures of the neck of the aneurysm, 2 ligatures of the neck 
combined with clipping of one anterior cerebral artery and 1 “trapping”! **). 

Steelman e¢ al." did not report any case of aneurysm of the anterior communicat- 
ing artery in their series of 42 lesions operated upon intracranially. Poppen!! 
stated that in not a single case of aneurysm in this location was the neck of the 
aneurysm suitable for insertion of a clip. 


* Fernando el Catolico, 14, Madrid, Spain. 
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It has recently been emphasized that a more detailed description must be given 
in all cases of intracranial aneurysms reported; various factors (location, time of 
operation, existence of hematoma, and so forth) that may influence the final outcome 
should be included. For this reason it seems worth while to report a single case of 
aneurysm of the anterior communicating artery successfully treated by direct 
intracranial attack. It is our only experience with the intracranial approach for 
saccular aneurysms. 


CASE REPORT 


A 34-year-old man was admitted to the hospital on April 18, 1955. He had had short 
episodes of unconsciousness, presumably convulsions, since the age of 18 years. Three weeks 
before admission, the patient felt dizzy, fell, and was unconscious for about half an hour. 


Fic. 1. Right carotid arteriogram. The aneurysm is visible arising from the anterior communicating artery. 


The episode occurred just after defecation. He had had severe headaches and vomiting for a 
few days and then had begun to improve. About a week later he was able to get up and walk 
around, although mild headaches still remained. The day before admission, a similar episode 
took place. He was unconscious for about 30 minutes; when he regained consciousness he had 
a severe headache and vomiting occurred. 

Examination. The patient appeared to be acutely ill. He was drowsy and complained of 
constant headaches. The only neurological abnormalities were nuchal rigidity, and a positive 
Oppenheim’s sign on the left. The blood pressure was 120 mm. systolic and 60 mm. diastolic. 
The pulse rate was 56 and temperature 37.2°C. A lumbar puncture revealed bloody cerebro- 
spinal fluid. 

Course. Arteriograms of both carotid arteries were made the following morning while the 
patient was under Pentothal anesthesia. A small saccular aneurysm arising from the anterior 
communicating artery was visualized in both the lateral (Fig. 1) and the anteroposterior ex- 


| 
4 
| 
| 


296 E. LEY, JR. 


posures of the right carotid artery. Both anterior cerebral arteries were filled from the right. 
After injecting the left carotid artery the aneurysm was not visualized in the lateral and 
anteroposterior views. The patient tolerated the procedure well. 

The following morning the headaches grew worse, the pulse rate increased, there was a 
rise in temperature to 39°C. and subsequently the patient became unconscious for about 
an hour. His head was turned to the left and there was a conjugate deviation of the gaze to the 
same side. A lumbar puncture revealed an increase in blood in the cerebrospinal fluid. 

The patient recovered slowly but headaches and drowsiness persisted. The nuchal rigidity 
and the positive Oppenheim’s sign on the left continued to be the outstanding neurological 
findings. 

Ist Operation. On April 24, 1955, a right frontal fap was turned down under endotracheal 
ether anesthesia. The intracranial pressure was reduced by continuous spinal drainage. The 


Fic. 2. Left carotid arteriogram after the first operation. The aneurysm is now visible after 
injecting this side. It appears even larger than before. 


bone flap was elevated and the dura mater was opened. The right frontal lobe was retracted 
along the lesser sphenoidal wing, exposing the optic nerves, the right carotid artery and its 
branches. A small area of yellowish discoloration was observed in the most posterior portion 
of the right gyrus rectus on the undersurface of the frontal lobe. We believed that the 
aneurysm was located there and that the discoloration was caused by previous bleeding. No 
attempt was made to discover the aneurysmal sac, which was encased in the interhemispheri- 
cal fissure. ‘Two silver clips were placed on the most medial part of the first portion of the 
right anterior cerebral artery, just before it enters the interhemispherical fissure. 

Course. Recovery was uneventful. The headache disappeared gradually and the nuchal 
rigidity was gone about a week after the operation. As the general condition of the patient 
improved, it became apparent that some mental symptoms were present, principally in- 
difference and loss of memory for recent events. These symptoms gradually disappeared. 
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Twenty-four days after the operation when the patient was practically free from symp- 
toms, arteriography was repeated in order to determine the effect of the ligature of the right 
anterior cerebral artery upon the aneurysm. On the right side, only the anteroposterior view 
was taken which showed the obliteration of the right anterior cerebral artery about 1 cm. 
from its origin from the carotid artery. The aneurysm was perfectly visualized, however, in 
both the lateral (Fig. 2) and the anteroposterior views of the left carotid arteriogram. The sac 
seemed to have increased in size since the previous arteriograms. Both anterior cerebral 
arteries (distal to the anterior communicating artery) could be seen in the anteroposterior 
exposure of the left carotid arteriogram. 

It was decided toattempt a more radical procedure when the patient had recovered fully 
from the first operation. 

2nd Operation. On June 7, 1955, under endotracheal ether anesthesia, the old right frontal 
flap was re-elevated, and again continuous spinal drainage was used to reduce intracranial 
pressure. The frontal lobe was displaced upward and the right anterior cerebral artery and the 
silver clips previously inserted on it were identified. Resection of the most posterior portion 
of the right gyrus rectus was sufficient to uncover the aneurysm, which appeared as a spherical 
mass about 1 em. in diameter, surrounded by dense fibrous tissue. It was located between 
the frontal lobes in front of the right anterior cerebral artery. Freeing the sac of the aneurysm, 
the right anterior cerebral artery and the right side of the anterior communicating artery 
was a time-consuming procedure. The juncture of the aneurysm and the anterior com- 
municating artery was obscured by the right anterior cerebral artery and could not be ade- 
quately exposed. We decided to section this artery between clips immediately distal to the 
anterior communicating artery, thus exposing the origin of the aneurysm from the anterior 
communicating artery. There was only a slight narrowing between the aneurysm and the 
artery, across which a silver clip was placed. The aneurysm and adjacent arteries were 
wrapped with hammered muscle. 

While isolating the aneurysm, hypotension was maintained with the use of Pendiomid. 
The blood pressure was high during the first part of the operation but did not fall below 
100 mm. systolic during the remainder of the procedure. 

Course. The patient made a rapid recovery and was out of bed 8 days after the operation. 
There were no obvious mental or neurological symptoms except for the persistent positive 
Oppenheim’s sign on the left. 

Left carotid arteriography was repeated 13 days after the second operation. The aneurysm 
was no longer visualized in the lateral and anteroposterior views. The left anterior cerebral 
artery was visible in the latter view but the right anterior cerebral artery was not filled with 
contrast medium. 

The patient was last seen 1 month after ligation of the aneurysm. He felt well although 
he had some neurological abnormalities. 


COMMENT 


Tt was shown in this patient that ligation of the proximal portion of the right 
anterior cerebral artery, which apparently supplied the aneurysm, had no visible 
effect. On the contrary, the aneurysm was larger after the procedure, and was sup- 
plied with blood from the contralateral anterior cerebral artery. It was necessary to 
section the right anterior cerebral artery to obtain adequate exposure of the neck 
of the aneurysm and thus avoid inclusion of the left cerebral artery in the ligature. 
The postoperative course has not revealed any serious sequelae, which might have 
been expected after closure of this artery, according to the experience of others. 

We believe that postoperative arteriograms are of the utmost importance in the 
evaluation of the direct treatment of saccular aneurysms. 

It must be remembered that the first operation in this case was performed during 
the so-called “acute period” of bleeding intracranial aneurysm and was well toler- 
ated by the patient. 
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SUMMARY 


A case is reported of a saccular aneurysm of the anterior communicating artery. 
The rarity of reported cases of this condition successfullly treated by direct attack 
is stressed, except for the published series of Norlén and Olivecrona. Ligation of the 
anterior cerebral artery proximal to the anterior communicating artery proved to 
be inadequate, as shown by arteriograms made after the first operation. Subse- 
quent “clipping” of the neck of the aneurysm resulted in a successful recovery. 
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GLOSSOPHARYNGEAL NEURALGIA 


CAUSED BY COMPRESSION OF THE NERVE BY AN ATHEROMATOUS 
VERTEBRAL ARTERY 


J. Braye, M.D., O. Périer, M.D., J. SmutpEers, M.D., anp L. Franken, M.D. 


Departments of Neurosurgery, Pathology and Internal Medicine, 
University of Brussels, Brussels, Belgium 


(Received for publication January 27, 1956) 


Apart from reports relating to intra- and extracranial tumours, few observations 
have been published on glossopharyngeal neuralgia in which a precise cause of this 
disorder was discovered. Pope® reported a case of neuralgia caused by pressure on 
the glossopharyngeal nerve by a thrombosed vertebral artery, and Lillie and Craig*® 
published another in which the cause was an anomalous artery in the cerebello- 
pontile angle. Ferey et al.t and Deparis* described cases of glossopharyngeal neuralgia 
caused by arachnoiditis and perineural fibrositis. 

In the case presented here, partial degeneration of the glossopharyngeal nerve 
resulted from compression by an atheromatous vertebral artery. 


CLINICAL NOTES 


Van A. J., a woman of 77, had had recurrent attacks of angina pectoris since the age of 
65. She was first admitted to hospital in February, 1953, suffering from a blood dyscrasia 
caused by nutritional deficiency. She was readmitted on May 24, 1953, complaining of a 
neuralgic syndrome which had commenced suddenly 5 days previously. 

She had paroxysms of excruciating stabbing pain of short duration brought on by swallow- 
ing and movements of the tongue. The pain radiated from the left tonsillar fossa to the left 
ear and prevented her from eating and swallowing. Short intervals of relief occurred between 
the attacks of pain. Cocainization of the tonsillar region produced rapid though transient 
relief. 

Examination. The patient showed a generalized severe degree of atheroma. The blood 
pressure was 160/90 mm. Hg. Otolaryngological and neurological findings were negative. 
Wassermann’s reaction was negative. The blood urea was 26 mg. per cent. The blood platelets 
were decreased in number: 129,000 per c.mm. on the first occasion, 48,000 per c.mm. on the 
second occasion. The bleeding and coagulation times were normal. The prothrombin time was 
65 per cent of normal. The cerebrospinal fluid contained 3 cells per c.mm.; total protein was 
22 mg. per cent. The patient died suddenly on June 9, 1954. 

Postmortem examination disclosed myocardial infarction, purulent bronchiolitis, bilateral 
hydronephrosis and a dissecting aneurysm of the abdominal aorta. A small focus of softening 
was present in the left putamen. No other macroscopical lesion was found in the brain. 

The cerebral arteries showed a severe degree of atheroma and even the smallest paren- 
chymatous vessels were affected. The left vertebral artery ran on the lateral surfaces of the 
cervical spinal cord and medulla oblongata, then turned towards the basilar sulcus of the 
pons and alone formed the basilar artery. Below this transverse groove the artery gave rise 
to the left posterior inferior cerebellar artery. The right vertebral artery, after running its 
normal course, curved backwards and outwards at the level of the transverse groove separat- 
ing medulla oblongata’ and pons and terminated in the right posterior inferior cerebellar 
artery (Figs. 1 and 2). The origin of the vertebral arteries in the neck was not investigated. 
At the level of the lower part of the medulla oblongata, the diameter of the right vertebral 
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Fig. 1. Inferior aspect of the brain. The vertebral arteries are not united: the basilar artery is formed 
by the left vertebral artery only. 


artery was 2 mm. and the diameter of the 
left vertebral artery was 6 mm. The circle of 
Willis showed inequality in the calibre of the 
two posterior communicating arteries. 

At the level of the transverse groove, the 
enlarged, atheromatous, left vertebral artery 
made a depression on the lateral surfaces of 
the medulla oblongata and pons and on the 
undersurface of the cerebellum (Fig. 3). In 
the bottom of this depression, the roots of 
the nerves IX, X, and XI and the posterior 
inferior cerebellar artery were compressed. 
The trigeminal nerves were normal. 

The roots of the right and left cranial 
nerves IX, X, XI, and XII were embedded 
in paraffin after mordanting in fluorochrome. 
The cranial nerves [IX and X were embedded 
together. The nerves were cut transversely 
and stained by the Weigert-Pal method: 
some sections were counterstained by van 
Gieson’s method. 


Fic. 2. The dissected circle of Willis demon- 
strates nonunion of the vertebral arteries. 
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Fic. 3. The left vertebral artery is retracted to demonstrate the depression on the left of the trans 
verse groove. It gives off the left posterior inferior cerebellar artery which runs downwards behind the 
roots of cranial nerve XII. Cranial nerve IX cannot be clearly distinguished from X. 


The right cranial nerves IX, X, XI and XII and the left cranial nerves XI and XII were 
unaltered but demyelination was seen in several bundles of radicular fibres of the left cranial 
nerves IX and X (Fig. 4). One of these bundles was almost completely demyelinated; the 
others were partly demyelinated. Portions of the roots of the left and right cranial nerves IX 
and X were teased and stained by Sudan: neutral fat was not observed in them. 


e 


Fic. 4. (Above) Radicular fibres of the right cranial nerves IX and X. Their myelin sheaths are 
intact. (Below) Radicular fibres of the left cranial nerves [IX and X. Some myelin sheaths are partly and 
others severely degenerated (Weigert-Pal method). 
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DISCUSSION 

The nonunion of vertebral arteries was regarded as an extremely rare anomaly. 
McMinn’ published 1 case, discovered accidentally at dissection, and quoted only 2 
other similar observations, one of Berry and Anderson? and the other of Batujeff.' 
Frequent use of vertebral angiography has shown, however, that this absence of 
union of the vertebral arteries is not a rare anomaly. Among 221 patients subjected 
to vertebral angiography, Radner® saw 7 cases—that is to say, nonunion of the verte- 
bral arteries in 3.1 per cent. 

Our observation is interesting chiefly because of the etiology of the neuralgia 
which was related to the pressure of the atheromatous elongated left vertebral 
artery on the brain stem rather than because of the anatomical anomaly. The 
paroxysms of pain had the clinical character of ‘essential’? neuralgia in spite of their 
organic origin. The objective sensory changes in the glossopharyngeal area were not 
investigated in the present case. If the frequency of the neuralgia among old people 
is taken into account (30 per cent beyond the age of 60 years according to Schach- 
ter'’) one can imagine that such a compression of radicular fibres of the nerve by a 
lengthened atheromatous artery is not exceptional. The clinical problem of the 
dolicho-arteries put forward by Leriche® should be considered at the cephalic level. 
It remains to be explained, however, why the pain occurred so recently, while the 
malposition of the artery was apparently present for a long time. 


SUMMARY 


A report on a patient aged 77 years with advanced atheroma who suffered from 
“essential” glossopharyngeal neuralgia is presented. Postmortem examination dis- 
closed compression of the radicular fibres of the nerve by an elongated, atheroma- 
tous vertebral artery. The compressed nerve roots showed partial demyelination. 
This observation suggests that, in some cases, essential glossopharyngeal neuralgia 
may be caused by compression of the nerve by an atheromatous artery. 


The help of Dr. W. G. P. Mair in correcting the English translation of this paper is grate- 
fully acknowledged. 
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IMPROVED SYRINGE FOR ANGIOGRAPHY 


B. SeLversTONE, M.D., R. H. P. Yuan, M.D., anno C. V. Rospinson, Pu.D. 


Neurosurgical Service and Physics Department, New England Center Hospital, 
Boston, Massachusetts 


(Received for publication December 16, 1955) 


In the technique of cerebral angiography a smooth, quick injection of the con- 
trast material is desirable. If the syringe binds during the injection, as occasionally 
happens with the standard all-glass type, the continuity of the injection is inter- 
rupted. When an increased force is applied to overcome the resistance, there is 
frequently a sudden surge in pressure which may be sufficient to force apart the 
syringe and the needle or intervening tubing. 

We have deve'oped a special syringe for angiography which does not bind and 
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Fic. 1. Special syringe for angiography—section drawing. Barrel, B, is smooth-bore glass (inter- 
changeable) with metal Luer tip. Plunger consists of Teflon end, T, and tubular stainless steel handle, 
H, joined by a pin, P. 


which has certain other advantages.* The syringe consists of a plunger with a 
Teflont end and a smooth-bore, glass barrel (Fig. 1). The Teflon is formed in such a 
way that there is an air-tight ring seal where it makes contact with the glass (S-5, 
Fig. 1). The resulting friction is moderate and approximately uniform so that the 
syringe has a smooth action and does not stick. The plunger holds its position during 
ordinary handling. This prevents inadvertent aspiration of air or loss of fluid after 
the syringe has been filled. 

Fig. 2 shows two of these syringes. The 20 cc. syringe has the advantage of a 
shorter stroke for the same volume of fluid. 

These syringes withstand ordinary use, including steam sterilization. Because of 
the large coefficient of thermal expansion of Teflon, it is necessary that the plunger 
and barrel be separated for autoclaving and reassembled for use after cooling. 

This type of syringe has been used for more than 100 percutaneous carotid and 

* This syringe is a modification of one previously described! for analytical work. A patent appli- 
cation has been filed by C. V. Robinson and F. X. Massé. The syringe is obtainable from the MacGregor 
Instrument Company, Needham, Mass. 

+ Tetrafluoroethylene polymer (DuPont). 
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vertebral angiograms during the past 9 months. Since blood does not adhere to the 
plunger, one syringe may be used for the two to four injections ordinarily necessary 
for a single study. The use of these syringes has improved the quality of our angio- 
grams as well as the ease of angiography. There have been no complications asso- 
ciated with these angiograms. 


Fig. 2. Twenty cc. syringe and 10 cc. syringe with finger rings. 
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STUDIES IN STEREQOENCEPHALOTOMY V. 


A UNIVERSAL STEREOENCEPHALOTOME (MODEL V) FOR USE IN 
MAN AND EXPERIMENTAL ANIMALS* 


E. A. Sprecet, M.D., H. T. Wycis, M.D., R. Goovre 
Temple University School of Medicine and Hospital, Philadelphia, Pennsylvania 


(Received for publication January 12, 1956) 


In the development of stereotaxic operations it became apparent that it is 
desirable to have an apparatus that permits one to reapply the instrument repeat- 
edly in exactly the same position, e.g. in order to study preoperatively by depth 
electroencephalography the functional state of a region to be eliminated, or the 
effect of its transitory elimination by injection of local anesthetics, or in order to 
perform the operation in several stages. The stereoencephalotome model V to be 
described is devised for such purposes. It also permits stereotaxic operations in 
animals by means of a small accessory base. 


The instrument is fixed to the skull by 4 hollow stainless steel (Type 316, 18-8 MO) 
screws (external diameter 6 mm., internal diameter 3 mm., height 8 mm.) which have a 
flange so that they may be countersunk into the bone. They may remain in the skull for weeks 
or months, These screws are threaded not only on their outer but also on their inner surfaces 
so that a threaded stud carrying a small steel ball may be screwed into them. The apparatus 
(Figs. 1 and 2) rests on 4 stainless steel balls by means of 4 vertical posts (vi_4). These posts 
consist of a tube in which a graduated bar is movable so that the length of the post may be 
varied and a certain position of the apparatus (corresponding to certain lengths of the posts) 
can be easily reproduced. On the lower end of each vertical post there is a spring socket(s) 
which engages the steel ball and is locked in position when the threaded collar (t) is serewed 
down. By the same method the upper end of each vertical post is connected to a ball on the 
lower surface of the basal ring (b). The fixation of the basal ring in a certain position is further- 
more insured by extensible graduated oblique posts (0;-03). These are fixed to the vertical 
posts on their lower end by a small hinge, and their upper end to steel balls protruding ob- 
liquely from the lower surface of the basal ring (b) by a similar ball and socket mechanism as 
above described (visible opposite the label ‘‘o;’’). 

The frame consisting of the vertical posts vi4 and the oblique posts o;-3 permit one to 
quickly align the basal ring (b) in a certain position (usually parallel to the horizontal plane 
of the head) and to reapply the stereoencephalotome to the skull at operation in exactly the 
same position as at the time of x-ray examination. This basal ring consists of an outer and an 
inner part. In the latter a rectangular frame (r) slides forward and backward. By rotating the 
inner ring, the longer side of the rectangular frame (r) can be brought in a position parallel 
to the sagittal sinus. The electrode holder can slide on the rectangular frame (r) to the left 
and right in a lateral direction along transverse dovetails (d). It can also be rotated in the 
frontal and sagittal planes. Furthermore, the electrode holder can be placed in the transverse 
dovetails in such a way that the electrode lies outside of instead of within the rectangular 
frame (Fig. 2). This is important for punctures through the occipital bone, as for instance, 
in mesencephalotomy or through the frontal bone in pallidotomy. In the former case, the 
instrument is so positioned upon the skull that the oblique post 03 lies over the frontal bone, 


* Aided by Grant No. B-470 of the National Institute of Neurological Diseases and Blindness of 
the National Institutes of Health, United States Public Health Service. 
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while in the latter case it lies over the occipital bone. There is a graduation on the basal ring 
(g:) showing the rotation of the inner ring together with the rectangular frame (r) in the 
horizontal plane, another graduation (g») on the longer side of the frame (r) indicating the 


Fic. 1. Stereoencephalotome. b=basal ring, d=transverse dovetails, e=movable part of electrode 
holder, f= fixed plate of electrode holder, g;-ge= graduations (g; on d is not visible in the figure and there- 
fore not marked). G= gauge, 0,-0;= oblique posts, r=rectangular frame, s=spring socket, t=threaded 
collar, vi-v; = vertical posts (v4 seen on Fig. 2). 


position of the electrode holder in an anteroposterior direction, and a third (gs) on the shorter 
side of the frame (r) so that the distance of the electrode from the mid-sagittal plane can 
also be noted. Further graduations indicate the rotation of the electrode holder in the sagittal 
(g;) and in the frontal plane (gs). 
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The electrode holder consists of 3 parts: a fixed plate (f) against which a graduated plate 
(gs) can be moved by hand up and down for coarse adjustment. The electrode holder proper 
(e) is moved in the same direction against the graduated plate (gs) by rack and pinion for fine 
adjustment. The weight of the apparatus is 1 lb. 

An accessory frame (AF) not used at operation allows (1) alignment of the basal ring 
parallel to the horizontal plane and (2) proper positioning of the skull during the x-ray ex- 
posure so that the mid-sagittal plane (for lateral roentgenograms), or the interaural plane 
(for anteroposterior roentgenograms) is parallel to and at a constant distance from the x-ray 
film. This frame (Fig. 3), which is 28.5 em. long, 23.5 em. wide, and 10 em. high, carries on its 
under surface graduated ear plugs (p) and orbital bars (or). Rectangular plastic plates form 
its sides; they have vertical lead marks (l;-],) that are interrupted at 1 em. intervals and cor- 
respond to the mid-sagittal and interaural planes respectively. Along these lead marks the 
plastic plates have extensions on their upper edges. The corners of the frame AF carry vertical 
posts V;_s. A spider frame (sf) supporting a circular plastic plate (c) can be attached to 


Fic. 2. Another view of apparatus. d=transverse dovetails, e=movable part of electrode holder, 
graduation, r=rectangular frame, s=spring socket, t=threaded collar, vi-vs= vertical posts. 


V;—Vs; on proper placement of the frame (AF), the circular plate lies parallel to the horizontal 
plane of the skull. It can be moved up and downward in a direction perpendicular to this 
latter plane. The accessory frame (AF) together with the spider frame (sf) and circular plate 
(c) weigh 2 11/16 Ib. (1 kg., 220 gm.). 

In order to align the basal ring (b) parallel to the horizontal plane of the skull, one has to 
lower the circular plate (c) until it touches the upper surface of the outer part of the basal 
ring (the inner part with rectangular frame having been removed); then this ring has to be 
pressed against the circular plate by means of 2 C clamps (cc) so that it is in complete contact 
with it (Fig. 3). In this position of the ring (b) the screws on the vertical and oblique posts 
(vi_4 and o,_3) are tightened. The lengths of all these posts are noted in order to insure proper 
realignment at operation. 

The accessory frame (AF) is fixed to the stereoencephalotome by means of the longi- 
tudinal rods L,, Le that are attached to V;_s and Vs_; respectively and that carry the trans- 
verse rods T,, T2 with the semicircular clamps (sc) fitting into a groove above each threaded 
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collar (t) of vi-vy. The fixation of T,, Tz to L,, Le and of the latter to Vs_s is obtained by 
universal clamps (uc) that permit an oblique position of the longitudinal and transverse rods 
which becomes necessary if the skull screws upon which the stereoencephalotome rests are 
not located in a plane parallel to the horizontal plane of the skull. 

For the x-ray exposures, the plastic circular plate (c) and its spider frame (sf) as well as the 
ear plugs (p) and orbital bars (or) are removed. The inner part of the basal ring (b) with the 
rectangular frame (r) is replaced on the apparatus with the movable part of the electrode 
holder (e) perpendicular to the plane of the basal ring (g; and g; set at zero position). For 


Fic. 3. Auxiliary frame together with stereoencephalotome. c=circular plastic plate, ce=C clamp, 
(lp not visible) =lead marks, L;-L2=longitudinal rods, or= orbital bar, p=ear plug, re=rectangular 
stand-off strip, se=semicircular clamp, sf =spider frame, transverse rods, uc = universal clamps, 
V;-Vs=vertical posts. 


anteroposterior exposures the plastic wall opposite the occipital bone must abut against the 
surface of the Potter-Buckey diaphragm. For lateral x-ray exposures rectangularly bent 
stand-off strips (re) attached to the accessory frame (AF) serve this purpose. 


The model here described can also be used in animals by placing it upon the base 
shown in Fig. 4. This base is similar to the one previously devised by Spiegel and 
Miller' for the Horsley-Clarke apparatus. Besides posts for the ear plug holders (p) 
it contains 4 corner posts (P,-P;) that carry steel balls upon which the stereo- 
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encephalotome rests. The 2 anterior posts (Pi, P:) carry also an upper transverse 
bar on which the orbital bars (or) slide and a lower chin bar (ch) that slides in slits 
and presses the animal’s chin upwards, so that the lower rim of the orbit is pressed 
against the orbital bars. The head is fixed by a Czermak head holder that is attached 
to the animal koard to which the base is also clamped. 


Fic. +. Base for animal experiments. ch=chin bar, or=orbital bar, p=ear plug holder, P)-Py= posts. 
SUMMARY 


A stereoencephalotome has been devised that can be applied repeatedly in 
exactly the same position. It weighs only 1 lb. In conjunction with an accessory base 
it can also be used for animal experiments. 
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NOTICES 
AMERICAN NEUROLOGICAL ASSOCIATION 


The 81st annual meeting of the American Neurological Association will be held 
at the Claridge Hotel, Atlantic City, New Jersey, June 18-20, 1956, under the 
Presidency of Johannes M. Nielsen, M.D. of Los Angeles, California. 

All communications regarding the meeting should be addressed to Charles Rupp, 
M.D., Secretary of the Association, 1383 South 36th Street, Philadelphia 4, Penn- 
svIvania. 


NATIONAL INSTITUTES OF HEALTIL 


The Public Health Service has announced a new procedure to expedite the 
processing of research grant applications for those requests that do not exceed $2000 
plus indirect costs and that do not ask support for more than one year. Such appli- 
cations will be accepted and processed on receipt and are not therefore subject to 
the usual deadlines for submission prior to review. 

Council recommendations can be expected on these applications within 1-4 
months from the time of submission. These procedures do not apply for requests 
for supplements to existing grants. 

Address all applications as well as requests for forms or additional information 
to the Division of Research Grants, National Institutes of Health, Bethesda 14, 
Maryland. 


NEUROSURGICAL SOCIETY OF AMERICA 


The 9th annual meeting of the Neurosurgical Society of America was held at 
Key Biscayne, Florida, January 18-21, 1956. The following officers were elected: 
President, I. Joshua Speigel; Vice-Presidents, Lester A. Mount and Robert Watson; 
Secretary, Frank P. Smith; Treasurer, Bertram Selverstone. 

The next meeting will be held in Palm Springs, California, January 16-19, 1957. 
The meeting is intended for the members and invited guests. 


SOUTHERN NEUROSURGICAL SOCIETY 


At the 8th annual meeting of the Southern Neurosurgical Society held in Jack- 
sonville, Florida, March 23 and 24, 1956 the following officers were elected: Presi- 
dent, Dr. W. Gayle Crutchfield, Charlottesville, Virginia; Vice-President, Dr. 
William F. Meacham, Nashville, Tennessee; Secretary-Treasurer, Dr. C. D. Hawkes, 
Memphis, Tennessee. 
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JOURNAL OF NEUROSURGERY 


The Journal of Neurosurgery is devoted to the publication of work relating primarily 
to neurosurgery, including studies in clinical neurophysiology, organic neurology, 
ophthalmology, radiology and pathology. Short articles on unusual cases and on 
technique, special instruments or equipment that might be useful to others in the 
field are also acceptable. 


MANUscRIPts should be addressed to Dr. Louise Eisenhardt, 333 Cedar Street, 
New Haven 11, Conn., U.S.A. They should be typewritten in double space, with 
tabular matter and passages for small print on separate shects. All materials should 
be mailed flat. 


REFERENCES should be arranged alphabetically and cited by superior numerals in 
the text. The following order should be used: 


Articles: Name of author, full title of article, name of periodical, year, volume, first 
and last page of article. Abbrevations of names of periodicals should conform to the 
style used in A world list of scientific periodicals published in the years 1900-1933 
(Oxford University Press, 1934). 


Books: Name of author, full title of book, city, publisher, year, edition, full pagina- 
tion (if book is in more than one volume, give the number of volumes). 


ILLUSTRATIONS. Care should be taken not to use too many illustrations, since the 
Journal provides no figures free of charge. Color plates also are inserted at the ex- 
pense of the contributor. If illustrations are larger than 8.5 X11 inches, reduced 
glossy prints should be submitted instead. 


SPECIAL TYPOGRAPHY. Tables and also text set up in small print in excess of 10 per 
cent of composition costs are charged to the author. 


PROOF CORRECTIONS will be allowed without charge up to 5 per cent of the original 
cost of composition. The cost of changes in page proof, if made by the author, will 
be borne by him. Page proof will be submitted to authors only when special questions 
arise. 


REPRINTS. Owing to existing paper shortage, no reprints may be supplied gratis. A 
schedule of charges for reprints is noted on the order forms accompanying the galley 
proof of each paper. 


SUBSCRIPTIONS. The subscription rate for the volume of six bi-monthly issues is 
$11.00 in the United States and Pan-American Union; $11.50 in Canada; $12.00 in 
other countries. Single copies are $2.00 postpaid. Single copies of Volume VIII, 
Number 1, January 1951 issue: A Symposium on Intracranial Vascular Abnormal- 
ities: $3.00 postpaid, if available. Volume I, Number 1 is supplied only on orders 
for the complete volume. Payments may be made in advance to Charles C Thomas 
Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois, U.S.A. 
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